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ABSTRACT 


Title ;  RECOMMENDATION  ON  IMPLEMENTATION  OF  MASSACHUSETTS  INSTITUTE  OF 
TECHNOLOGY,  March  1959 

Authors:  R.  S.  Christinsen  and  B.  B.  Rosenman  (Frankford  Arsenal)  and 
H.  P.  Galliher  (MIT) 

This  report  covers  an  extension  of  the  work  previously  reported  under 
Ordnance  Logistics  Studies  I  and  II,  Massachusetts  Institute  of  Technology, 
Spare  Parts  Supply  Control,  July  1957  and  August  1958  (ASTIA  Nos. 

AD-137  729  and  AD-205  827)  ^^The  inventory  model  previously  described  is 
revised  in  that  the  demand  in  a  period  of  time  t  is  treated  as  a 
Compound-Poisson  random  variable.  In  addition,  the  assumption  made  in 
ITR  No.  9  that  the  difference  between  maximum  stock  (R  +  Q)  and  stock  on 
hand  (N)  is  a  normally  distributed  random  variable  is  relaxed  and  a 
revised  solution  for  optimal  values  of  R  and  Q  is  derived.  A  method  for 
forecasting  the  variance -to -ms an  ratio,  used  in  estimating  the  standard 
deviation  of  demand  during  the  lead  time,  is  presented  which  is  based  on 
a  relationship  noted  during  the  course  of  the  study  between  the  variance- 
to-mean  ratio  of  an  item  and  the  Joint  distribution  of  its  mean  demand 
and  unit  price,  r- 

This  report  also  includes  results  of  additional  simulations  performed 
after  publication  of  ITR  No.  9,  estimates  of  the  impact  of  implementation 
of  the  model  in  the  Ordnance  repair  parts  inventory  system  and  a  description 
of  the  computational  procedure  recommended  for  use. 

1 


Recoiamendatlon  On  Implementation 
Of  Massachusetts  Institute  of  Technology  Research* 
In  Secondary  Item  Supply  Control 


\ 


Prepared  By 

Ordnance  Inventory  Management  Project 
Office  of  Ordnance  Research 


■•^fessachusetts  Institute  of  Technology  Research 
Perfomed  Under  Contract  DA-19-020-0RD-2684 
Department  of  Army  Project  No.  599**01“'00^ 
Ordnance  Rand  D  Project  No.  TB-001 
OOR  Project  No.  968  (Rev) 


Table  of  Contents 


Section  I:  Recommendations  1 

Section  II;  General  Discussion  of  the  Proposed  System 

Background  3 

Discussion  of  Pi*oposed  System  Concepts  4 

The  M.I.T.  Procedure  8 

National  Availabi.llty  and  Its  Effects  on 

Operating  Costs  and  Inventory  Investment  10 

National  Availability  and  Safety  Level  l4 

National  Availability  and  Procurement  Cycles  l6 

Benefits  to  be  Achieved  under  the  M.I.T. 

Procedures  l8 

Section  III:  Detailed  Cost  and  Perfoimancs  Comparison  19 

Perfoimance  20 

Operating  Costs  and  Inventories  35 

Procurement  Cycles  38 

Safety  Levels  40 

Seictlon  IV:  Critical  Evaluation  of  the  Proposed  System  4-3 

Forecasting  of  Average  Demand  Rates  43 

The  Assxmption  of  Stationary  Demand  44 

Bold3.ag  and  Procurement  Costs  44 

Procut'ament  lead  Time  Variability  44 

Accuracy  of  Assets  Information  44 

Consumer  Funding  45 

The  Use  of  Mebilizalion  Reserve  Stocks  45 

Acceptance  of  the  Pri'posed  System  by  Supply 

Personnel  46 

Achievement  of  Expected  Performance  Uhder 

Actxia.1  Operating  Conditions  46 

A  Base  for  Further  Improvements  ,  48 

Section  V:  Suggested  Implffliientatioa  Procedures  50 

Revision  of  AR  71‘^-^5  50 

Estimation  of  Factors  5I 

Detailed  Computational  Method  54 

Machine  Procedure  6l 

Procedural  Instructions  63 

Traiiiing  63 

Appendix  1:  Methods  of  Obtaining  Cost  and  Performance  Estimates 

for  Present  and  Proposed  Systems  64 

2:  Mathematical  Basis  of  Proposed  System  77 


Appendix 


Eacfalblts 


1.  National  Availability  vs  Total  Costs  and  Total  ^ventorles  11 

2*  Average  Optimum  Seifety  Level  vs  Average  Annual  Dollar  Demand  15 

3»  Average  Optimum  Procurement  Cycle  vs  Average  Annual  Dollar  Demand  17 

4*  Promptness  21 

5»  Representative  Present  ^stem  Availabilities  vs  Demand  and  Price  23 

6.  Distribution  of  Simulated  National  Availability  25 

7.  Depot  Out-of-Stock  vs  National  Out-of-Stock  27 

Percent  of  Demand  Met  on  Presentation  at  Initial  Source  Depot  29 

9*  Averaige  Walt  for  Demand  Not  Met  on  Time  31 

10.  Item  -  Years  of  Wait  per  Year  33 

11.  Cost  and  Inventory  Comparison  37 

12.  Representative  Opt  1mm  R:*ocurement  Cycles  for  99Jf  Availability  39 

13.  Representative  Optlmm  Safety  Levels  for  99$  Availability  41 

14.  Summary  of  Holding  Cost  Data  53 

15.  Nomograph  for  Variance-to-Mean  Ratio  55 

16.  Calctilation  of  Least  Cost  Procurement  Cycle  Level  57 

17.  Calctlation  of  Safety  Level  59 

18.  Joint  Distribution  of  Demand  and  Price  (06AA  ^  Items)  65 

19.  Joint  Distribution  of  Dollar  Demand  and  Price  (Stock  Fund  Items)  67 

20.  Procurement  Lead  Time  vs  Iftiit  Price  69 

21.  Average  Manufacturing  Set-Up  Costs  71 

22.  Item  Characteristics  for  34  Item  Sample  73 

23.  Inventory  Nomograph  for  Optlmm  ft*ocuremait  Cycles  74 

24.  Optlmm  IVocurement  Cycle  Nomograi^  75 

25.  r  -  Nomograph  for  Determination  of  Reorder  Level  76 


SECTION  I 


RECOMMENDATIONS 


The  recommendation  of  the  Ordnance  Inventory  Management  Project  that 
the  Massachusetts  Institute  of  Technology  procedures  for  secondary  item  supply 
control  be  adopted  is  divided  into  two  parts.  These  parts  may  be  considered 
independently,  as  follows: 

1.  Safety  Levels 

It  is  recommended  that  the  safety  level  component  of  the  reorder  point 
be  calculated  by  the  procedure  described  in  Section  II,  below,  for  all  Ordnance 
secondary  items. 

2.  Procurement  Cycles 

It  is  recommended  that,  for  the  calculation  of  procxirement  quantities 
(cycles),  the  procedure  described  in  Section  II,  below,  be  authorized  as  a 
basis  for  selecting  economic  procurement  cycles  so  as  to  achieve  least  cost 
operation  of  the  system. 

These  recanmendations  are  discussed  in  Section  II.  In  this  discussion, 
the  fundamental  problems  of  supply  management  and  their  effects  on  supply 
perfoitnance,  operating  costs  and  inventory  investment  are  examined. 

Section  III  contains  a  detailed  analysis  of  the  impact  on  supply 
perfoimance,  operating  costs,  and  inventory  Investment  that  can  be  expected 
frcxn  implementation  of  the  M.I.T.  procedures. 

In  Section  IV  will  be  found  a  critical  evaluation  of  the  M.I.T. 
procedures.  Here  are  discussed  some  limitations  of  the  proposed  system,  how 
they  are  treated  under  present  procedures  amd  siaggested  bases  for  further 
improvements . 

Section  V  contains  a  more  detailed  description  of  the  M.I.T.  method 
and  outlines  the  operating  procedures  by  which  the  proposed  system  can  be 
implemented.  The  appendices  contain  a  discussion  of  how  cost  and  perfonnance 
estimates  were  calculated  and  a  description  of  the  mathematical  model  which 
formed  the  baals  for  these  recommendations. 
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SECTION  II 


GENERAL  DISCUSSION  OF  THE  PROPOSED  SYSTEM 


Background 

Work  on  this  project  begem  about  three  years  ago  when  It  was  felt  that 
a  scientific  stvtdy  of  the  mechanics  of  the  supply  system  might  yield  clues 
as  to  how  supply  performance  might  be  improved.  The  techniques  of  operations 
research  were  believed  to  offer  the  best  method  of  approach  and  the  services 
of  the  Operations  Research  Project  of  the  Massachusetts  Institute  of  Technology 
were  therefore  enlisted.  When  the  M.I.T.  research  studies  began  to  show 
promise,  their  efforts  were  Joined  with  those  of  operating  Ordnance  personnel 
with  the  establishment,  in  August  1957?  of  the  Ordnance  Inventory  Maneigement 
Project.  The  objectives  of  this  project  were  to  evalijate  research  findings 
and  to  foimulate  a  basis  for  implementation  of  such  findings  as  appeared  to 
offer  promise  of  substantial  improvement  of  the  supply  system. 


Early  in  the  course  of  this  study,  it  became  apparent  that  safety  levels  j 
were  a  fundamental  problem.  Extensive  investigation  was  made  or  acEulX” 
demand  data  on  a  representative  sample  of  Ordnance  secondary  items.  The  wide 
fluctuations  exhibited  by  these  data  made  it  abundantly  clear  that  existing 
policies  of  fixing  standard  safety  levels  for  broad  classes  of  items  would 
not  allow  achievement  of  desired  supply  performance.  Extensive  mathematical 
analysis,  supplemented  by  large-scale  computer  simulations,  resulted  in  the 
new  method  of  determining  safety  levels  that  is  proposed  herein. 

While  the  mathematical  analysis  was  in.  process,  the  increasing  interest 
in  'reduction  of  syste^  o]^ratiag  costs  as  evidenced  by  the  5x5  study,  was 
recognized.  A~mathematical  treatment" of  jgrocurement  and  holding  costs  was 
incorporated  to  allow  quantitative  determination  of  economic  procurement 
cycles  where  procurement  on  this  basis  is  considered  desirable.  Cost  data 
were  collected  and  analyzed  and  estimates  calculated  of  effects  of  economic 
procurement  cycles  on  operating  costs  and  inventory  investment. 

The  final  phase  of  this  study  was  an  investigation  of  techniques  of 
^plementation.  Nomographs  for  simple  determination  of  safety  levels  and 
procurement  quantities  were  developed,  along  with  recommendatio.n6  as  to 
operating  procedures  that  could  be  used  under  either  manual  or  ADPS  operation. 
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Discussion  of  Proposed  System  Concepts 


It  Is  necessary  at  this  point  to  discuss  the  fundamental  notions  of 
the  proposed  system, how  they  are  related  to  concepts  underlying  present 
regulations^ and  why  implementation  of  the  proposed  system  will  result  in 
changes  in  supply  performance,  operating  costs  and  inventory  Investment. 

A  more  detailed  discussion  of  these  concepts  and  the  mathematical  work 
underlying  their  development  appear  in  the  technical  reports  of  the  M.I.T. 
Operations  Research  Project. 1 


1.  Safety  Levels 

The  safety  level  computation  under  the  proposed  method  introduces  a 
new  concept,  namely  the  variance  of  demand.  This  conoeprt  recognizes  that 
there  is  a  random  short-term  fluctuation  in  demand  and  that  the  magnitude 
of  this  fluctuation  differs  from  item  to  item,  "being  generally  larger  for 
high  demand  items  than  for  low  demand  items.  It  is  this  fluctuation  that 
contributes  largely  to  the  uiy)redi^tability  of  demand  and  which  makes  the 
treatment  of  safety  levels  under  present  regulations  inadequate  for  the 
purpose  of  achieving  a  given  level  of  supply  performance. 

Under  the  proposed  procedure,  the  short-term  fluctuation  is  treated 
as  a  random  process  and  its  magnitude  for  each  item  can  therefore  be  mathemati¬ 
cally  determined. 

Given; 

(1)  The  level  of  supply  performance  desired  (expressed 
in  terms  of  national  availability  desired  for  the 
item),  end 

(2)  The  procTirement  cycle  desired  (which  can  be  the 
optimal  econcmic  procurement  cycle  described  below) 

the  safety  level  (and  thus,  the  reorder  point)  required  to  achieve 
the  stipulated  level  of  performance  is  uniquely  determined.  In 
actual  practice,  the  safety  level  is  obtained  by  reference  to 
simple  nomographs;  under  ADFS  operation,  this  determination  can 
be  made  easily  within  the  cominiter. 


1.  These  appear  in  Interim  Technical  Report  No.  7  (July  1957)  and  Interim 
Technical  Report  No.  9  (August  1958)  submitted  to  the  Office  of  Ordnance 
Research  under  Contract  No.  DA  19-020-0RD-3684,  Department  of  the  Army 
Project  No.  599”01“00^  Ordnance  Research  and  Development  Project 
No.  TB-001,  Office  of  Ordnance  Research  Project  No.  9^8  (Rev). 
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2.  Optimal  Procurement  Cycles 


The  cost  of  operating  the  system  is  made  up  of  two  sets  of  costs, 
which  operate  in  opposing  directions.  One  is  the  cost  of  procurement,  which 
consists  of  the  cost  of  processing  the  procxirement  action  and  the  fixed 
manufacturing  cost  \daich  must  he  amortized  each  time  the  item  is  bought. 

®iis  cost  decreases  as  procurement  guantlties  increase.  The  other  is  the  cost 
of  holding  the  item,  which  is  composed  of  such  cost  elements  as  storage  and 
handling,  maintenance  in  storage,  deterioration,  obsolescence  and  interest 
on  investment.  This  cost  increases  as  procurement  quantities  increase.  When 
these  cost  elements  are  known,  it  is  possible  to  determine  that  procurement 
quantity  (which  may  also  be  expressed  in  terms  of  a  procurement  cycle)  th^ 
will  reduce  the  sum  of  the  procurement  and  holding  costs  to  a  minimm. 

This  quantity  is\urrique^'fbr  each  ftm)  least  cost  operation  cannot  Fe  achieved 
by  establishing  iTS!5(r~proi5urSaent  cycles  for  broad  classes  of  items  as  is 
done  under  present  piocedures. 

This  concept  is  not  new,;  essentially,  it  represents  ari  extension 
to  all  items  of  the  philosophy  of  economic  procurement  quantities  expi-essed 
by  the  current  5x5  policy.  The  ims-ovation  in  the  proposed  procedure  is 
one  of  method,  rather  than  concept,  in  that  the  economic  procurement  quantity 
is  explicitly  determined  for  each  item  by  considering  all  relevant  cost 
factors  in  a  quantitative  manner.  la  actual  practice,  economic  procurement 
quantities  on  low  cost  items  can  be  obtained  manually  from  simple  nomographs, 
or  can  be  easily  determined  within  the  computer  under  ADPS  operation.  On 
medium  and  high  cost  items,  the  fixed  manufacturing  cost  is  frequently  the 
overpowering  cost  element  and  an  estimate  of  this  cost  element  would  have 
to  be  obtained.  In  addition,  it  would  probably  be  desirable  to  obtain  more 
exact  estimates  of  holding  cost  elements,  particularly  obsolescence  and 
deterioration,  on  certain  items  where  these  factors  are  important.  While 
extra  effort  would  be  involved  in  obtaining  these  estimates,  the  potential 
savings  in  operating  costs  are  of  considerable  magnitude.  Moreover,  i-his 
additional  work  would  be  required  on  a  relatively  small  number  of  items. 

It  should  again  be  emphasized  that,  while  achievement  of  a  g;:l,vea 
level  of  supplj’’  performance  is  independent  of  cost  coEisiderations,  the 
selection  of  the  procurement  cycle,  whether  by  present  methods  or  by  optimal 
procuurement  quantity  computations,  fixes  the  safety  level  required  to  achieve 
the  desired  level  of  supply  performance.  It  is  in  this  respect  that  the 
proposed  procedures  depart  significantly  from  currer.t  practice. 


3.  Investment  in  Inventory 

One  additional  factor  must  be  considered  ir.  connection  with  examina¬ 
tion  of  system  performance  and  of  system  operating  costs.  I5ils  is  the  invest¬ 
ment  in  inventory  that  must  be  made  in  order  to  (1)  achieve  a  given  level  of 
supply  performance,  and  (2)  to  do  so  at.  least  cost. 


A  given  level  of  supply  perfonnance  can  be  achieved  with  almost 
any  inventory  investment  one  likes.  For  example,  if  a  part  costing  $1.00 
each  is  issued  at  the  rate  of  exactly  one  vinit  a  day,  one  can  choose  to 
reorder  one  unit  of  the  part  each  day,  in  which  case  the  average  investment 
in  working  inventory  would  be  $.50.  Or,  one  can  choose  to  order  a  quantity 
of  365  units  only  once  a  year,  in  which  case  the  average  inventory  investment 
would  be  $182.50.  Indeed,  any  reordering  policy  can  be  followed,  each 
requiring  its  own  investment  in  inventory. 

Naturally,  this  holds  true  only  so  long  as  the  issue  rate  is  known 
and  constant.  As  soon  as  uncertainty  as  to  issue  rates  is  introduced,  the 
question  of  inventory  investment  beccmes  more  complex.  In  order  to  maintain 
a  given  level  of  supply  performance,  one  must  provide  a  cushion  of  stock  as 
protection  against  the  element  of  uncertainty  in  the  period  between  placement 
of  successive  reorders.  This  is,  of  course,  the  familiar  notion  of  safety 
levels. 


The  addition  of  the  safety  level  to  expected  rate  of  issue  naturally 
requires  that  the  investment  in  inventory  be  increased.  Under  current 
regulations,  this  safety  level  is  thirty  days'  stock  for  low  dollar  value 
items  and  sixty  days'  stock  for  all  others,  ffiie  inventory  investment  is 
thus  increased  by  that  amount  over  what  would  ba  required  if  no  element  of 
uncertainty  as  to  issue  rates  existed. 

Under  the  proposed  procedure,  however,  the  concept  of  a  standard 
safety  level  for  broad  classes  of  items  is  rejected  since  ai '!  evidence 
clearly  shows  that  a  known  level  of  protection  against  uncertainty  of  demand 
cannot  be  obtained  by  that  method.  Instead,  the  desired  level  of  protection 
is  selected  in  advan.ce  and  the  safety  level  required  to  achieve  that  protection 
is  computed  for  each  item..  This  .means  that  many  items  will  require  more  tlian 
a  thirty  (or  sixty)  days'  safety  level,  others  less.  Thus,  a  shift  in 
i.nventory  investment  among  items  will  result  and,  in  addition,  the  total 
investment  in  inventory  wi.ll  charge.  However,  before  one  can  evaluate  completely 
the  magnitude  of  the  change  in  total  inventc>.ry  Investment  that  wo>ild  be  brought 
about  by  adoption  of  the  proposed  procedures,  it  is  necessary  to  consider  the 
question  of  how  procu.remeat  cycles  are  to  be  determined. 


0n.ee  a  pjx'curaxeent  cycle  quantity  is  specified,  no  matter  by  what 
method,  the  range  of  possibl.e  Inventory  investment  policies  ceases  to  exist. 

One  must  pay  in  Inventory  i.uvestai.ent  not  only  for  iihe  safety  stock  but  also 
for  the  procaremetit  cycl.e  qioar.tity  specified  for  the  item.  In  other  words, 
the  esta-blishment  of  a  policy  governing  the  selection  of  procurement  cycle 
quantities  fixes  what  the  Inventory  investment  in  the  l.tem  will  have  to  be. 

There  are  a  number  of  alternatives  open  with  respect  to  establishment 
of  procurement  cycle  policies.  However,  only  two  will  be  discussed  herein, 
namely,  the  policy  specified  by  current  reguiLatlons  and  the  optimal  procurement 
cycle  of  the  M.I.T.  ptvlicy  prccedures.  Adoption  of  the  M.I.T.  safety  level 
procedure  can  be  accomplished  under  either  proc'Jtrement  cycle  policy  but  the 
effect  on  inventory  investment  will  be  different  dependiing  upon  which 
procurement  cycle  policy  is  chosen. 
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Obviously,  however,  effective  policies  cannot  be  established  without 
consideration  of  all  the  elements  discussed  above.  In  the  following  pages, 
therefore,  the  interactions  of  supply  performance,  operating  costs  and 
inventory  investment  are  depicted  in  order  to  illustrate  the  policy  courses 
that  may  be  followed  in  implementing  the  M.l.T.  procedures  and  the  impact 
that  the  adoption  of  any  policy  can  be  expected  to  have  on  the  supply  system. 
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Ihe  M«I«T«  Procedure 


As  Indicated  above  ^  the  reconmendation  Is  In  t%ro  parts  which  can  be 
considered  independently.  These  are: 

1.  Computation  of  Safety  Levels 

The  following  must  be  known  or  specified  in  order  to  compute  safety 
levels  \mder  the  M.I.T.  procedure: 

a.  National  Availability  Desired 

This  factor  is  the  control  variable  and  must  be  specified  in 
advance  by  appropriate  authority.  It  is  expressed  in  terms  of  percent  of 
time  it  is  desired  to  be  in  stock  nationally.  For  example,  selection  of  a 
99^  national  availability  level  would  mean  that  it  is  desired  that  the  item 
be  out  of  stock  nationally  only  1^  of  the  time. 

b.  Variance -to-Mean  Ratio 


This  is  a  new  factor.  It  is  a  measure  of  the  \mpredictability 
of  supply  demand  in  terms  of  frequency  and  size  of  orders.  It  can  be  looked 
upon  as  a  reflection  of  customer  ordering  habits.  Ihe  numerical  val:;te  of 
this  factor  is  determined  frcM  a  nonograph  which  is  entered  with  values  of 
unit  price  and  forecasted  average  demand  for  the  item. 

c.  Procurement  Cycle  Quantity 

This  factor  may  be  determined  in  any  manner.  It  may  be  specified 
in  the  same  way  as  und.er  present  ..eg’xlations  or  in  accordance  with  any  other 
rules  that  may  be  prescribed.  However,  if  least-cost  operation  of  the  system 
is  desired,  it  must  be  calculated  as  indicated  immediately  below. 

d.  Iteit  Price 

e.  Procurement  lead  Time 

f .  Forecast  of  Average  Annual  Demand 

These  are  the  same  factors  as  are  used  In  the  present  supply 
control  study  and  are  detemlned  in  much  the  same  manner. 


2.  Computation  of  an  Optimal  Procurement  Cycle 

If  least-cost  operation  of  the  system  is  desired,  all  the  above 
factors  must  be  specified  or  known  and,  ^  addition,  the  following  must  be 
estimated: 

a.  Procurement  Cost 


llhis  is  the  sum  of  the  administrative  cost  of  procuring  an  item 
and  the  fixed  cost  of  setting  up  for  manufacture  of  the  item. 
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b.  Holding  Cost 


This  is  the  cost  of  holding  the  item  in  stock  and  is  composed 
of  such  elements  as  storage  costs,  deterioration  charges,  obsolescence  and 
interest  on  Investment. 

Methods  for  obtaining  estimates  of  these  factors  and  details  of  the 
ccanputatlonal  method,  including  nxsnerlcal  examples,  are  given  in  Section  V. 
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National  Availability  and  Its  Effects  On  Operating  Costs  and  Inventory  Investment 


The  chart  on  the  opposite  peige  affords  an  overall  picture  of  the  various 
strategies  that  can  he  followed  hy  those  who  formulate  supply  policies  auid  the 
effects  of  policy  decisions  on  national  avallahility  of  stock,  operating  costs 
and  Inventory  Investments.  The  upper  and  lover  curves  depict  the  Inventory 
investments  and  operating  costs,  respectively,  that  would  result  from  least-cost 
implementation  of  the  M.I.T.  procedures  at  various  levels  of  national  avallahility. 
The  two  intermediate  cuxves  show  the  effects  of  implementation  of  only  the 
safety  level  feature  of  the  M.I.T.  procedures  with  procurement  cycles  as  specified 
hy  current  regulations.  Included  for  reference  purposes  are  points  indicating 
the  theoretically  calculated  levels  of  inventory  investments,  operating  costs 
and  national  avallahility  that  result  from  following  present  supply  system 
policies  at  three  points  in  time,  namely  (1)  prior  to  implementation  of  the 
5x5  policy,  (2)  after  Implementation  of  the  5x5  policy#  and  (3)  after 
implementation  of  the  policy  pexmlttlng  sixty-day  safety  levels  for  medium 
and  high  dollar  value  items. 

Reference  to  the  chart  Indicates  that  adoption  of  the  5x5  policy  results 
in  improvement  in  availability  of  stock,  in  that  items  are  out  of  stock  only 
k’jo  of  the  time  rather  than  8^  of  the  time.  Operating  costs  (costs  of  procurement 
and  holding)  decrease  hy  two  million  dollars  a  year,  hut,  on  the  other  hand, 
investment  in  inventory  increases  hy  24  million  dollars. 

Adoption  of  the  sixty-day  safety  level  policy  results  in  decrease  in  time 
out  of  stock  from  to  This  Increased  protection,  however,  results  in  a 

3  million  dollar  Increase  in  operating  costs  and  a  22  million  dollar  Increase 
in  inventory. 

A  number  of  policy  choices  are  open  if  the  M.I.T.  proced\ires  are  adopted. 

If,  for  example,  the  least-cost  mode  of  operation  is  chosen  and  it  is  desired 
to  set  the  national  availability  control  at  the  1^  out-of -stock  level,  this 
could  he  achieved  with  a  12  million  dollar  increase  in  inventory  Investment. 

On  the  other  hand,  total  operating  costs  would  he  decreased  hy  7  million  dollars. 
Another  possible  least-cost  policy  would  he  to  leave  the  present  inventory 
investment  unchanged.  This  would  amoiuat  to  fixing  the  national  availability 
control  at  about  2.5^t  out  of  stock,  as  opposed  to  the  current  3^t»  Operating 
costs  would  decrease,  however,  hy  ^  million  dollars  a  year.  Still  another  least- 
cost  policy  would  he  to  retain  the  present  3^t  out-of -stock  level  of  control. 

This  would  result  in  an  8  million  dollar  decrease  in  inventory  Investment  and 
an  11  million  dollar  decrease  in  operating  costs. 

Similar  observations  can  he  made  on  the  results  obtained  from  implementing 
only  the  safety  level  featixre  of  the  M.I.T.  procedure  with  procurement  cycles 
determined  hy  following  current  procedures.  At  the  1^  out-of -stock  level, 
operating  costs  would  he  Just  about  the  same  as  under  present  procedures  euid 
there  would  he  only  about  a  3  million  dollar  Increase  in  Inventory  Investment. 

Ihe  benefits  would  he  in  decreasing  average  time  out  of  stock  from  yfo  to  1^. 
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A  few  words  of  caution  are  necessary  in  the  use  of  this  chart.  First, 
the  estimates  of  national  availability,  operating  costs  emd  inventory  investment 
under  the  present  procedures  do  not  depict  today's  actual  perfoimance.  They 
depict,  rather,  what  would  happen  if  current  procedures  were  exactly  followed. 
Actual  perfoznance  data  are  affected  by  such  factors  as  errors  in  forecasting, 
failure  to  maJce  supply  control  studies  at  the  proper  time,  use  of  mobilization 
reserve  stocks  as  peacetime  operating  stocks,  and  a  host  of  others.  In  addition, 
actual  operating  costs  are  impossible  to  determine  since  they  are  not  yet 
available  from  the  accounting  system.  Nevertheless,  the  chart  serves  a  very 
useful  purpose  in  that  it  compares  \rb&t  would  happen  under  two  sets  of  rules. 

The  shifts  in  direction  of  national  availability,  operating  costs  and  Inventory 
investment  can  be  accurately  deduced  even  though  their  absolute  magnitude  may 
not  be  accurately  determinable. 

The  second  note  of  caution  has  to  do  with  the  items  exclxided  from  considera¬ 
tion  in  the  chart.  All  items  with  a  demand  of  less  than  100  units  a  year  are 
excluded,  as  are  all  items  Living  a  unit  price  of  $500  and  higher.  Tliese  have 
been  excluded  since  it  is  very  difficult  to  assume  what  an  intelligent  supply 
analyst  would  do  in  the  management  of  such  items  under  either  the  present  or 
proposed  systems.  The  question  is  somewhat  trivial  in  the  case  of  low  cost 
items  having  an  annual  demand  of  less  than  100  units.  Here  siny  reasonable 
decision  on  procurement  quantity  would  have  little  effect  on  operating  costs 
or  inventory  investment.  The  question  is  much  more  difficult,  however,  in  the 
case  of  high  unit  price  items,  teke,  for  example,  the  case  of  a  $1,000  item 
which  is  used  at  the  rate  of  only  3  units  a  year.  Or,  take  as  another  example, 
a  $1,000  item  that  is  Issued  at  the  rate  of  1,000  units  a  year.  In  the  first 
example,  the  quantity  procured  would  probably  be  a  matter  of  negotiation  with 
suppliers  since  it  is  hardly  likely  that  the  optimal  procurement  quantity  would 
result  in  a  practicable  procurement  action.  This  would  probably  also  be  true 
in  the  second  case  except  that  the  possibility  of  a  contract  calling  for  continuous 
production  of  the  item  might  be  e:qplored.  These  practices  are  undoubtedly  being 
followed  under  the  current  system  and  would  obviously  be  continued  under  the 
p.roposed  system.  The  significance  of  the  exclusion  of  these  items  frcm  the  chart 
lies  in  the  fact  that  it  would  not  be  proper  to  make  estimates  of  operating  costs 
and  inventory  investments  when  the  nature  of  the  supply  analyst's  decisions 
cannot  be  divined  under  either  set  of  rules.  In  any  event,  however,  the  proposed 
procedures  offer  a  decided  euivantage  even  on  such  items.  By  taking  into  account 
the  random  fluctuation  of  expected  demand,  the  supply  analyst  can  fix  his  safety 
level  to  assure  the  desired  degree  of  supply  performance.  Moreover,  he  would 
have  available  to  him  the  analytical  aids  to  help  him  to  arrive  at  a  reasonable 
procurement  decision  by  taking  into  account  in  a  quantitative  manner  the 
relevant  cost  factors. 
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National  Availability  and  Safety  Levels 

As  indicated  previously,  one  singular  feature  of  the  proposed  system  is 
that  each  item  has  its  own  safety  level  —  a  level  which  is  a  function  of  the 
random  fluctuation  of  demand  that  can  he  expected  for  the  item.  The  chart  on 
the  opposite  page  depicts  an  estimate  of  how  the  safety  levels  can  he  expected 
to  very  with  the  annual  demand  classifications  of  items.  Safety  levels  prescribed 
under  current  regulations  are  also  shown  for  p\jrposes  of  comparison. 

Under  the  proposed  system,  the  level  of  national  availahility  is  set  hy 
competent  authority.  If,  for  example,  the  99^^  level  is  chosen,  this  would  he 
tantamount  to  setting  a  policy  that  accepts  being  out  of  stock  nationally  only 
1^  of  the  time  as  the  perfotmanee  noim.  Examination  of  the  chart  indicates  what 
would  happen  to  safety  levels  under  this  policy.  As  can  he  seen,  safety  levels 
under  the  M.I.T.  system  voxild  he  higher  than  those  under  current  regulations 
for  items  with  an  annual  demand  of  less  than  $50,000.  Safety  levels  luader  the 
proposed  system  at  the  99^  national  availahility  level  of  control  would  he 
highest  for  items  with  an  annual  demand  lying  between  $500  and  $3,000.  Beyond 
the  annual  demand  rate  of  $3,000,  the  safety  levels  tend  to  become  approximately 
equal  to  or  slightly  less  than  those  presently  prescribed. 

The  reasons  for  the  shifts  in  safety  levels  that  would  result  from  adoption 
of  the  M.I.T.  procedures  are  given  in  some  detail  in  Section  III.  As  will  he 
seen  in  the  detailed  discussion,  the  safety  levels  ai’e  to  a  large  extent  a 
function  of  the  customers'  ordering  habits.  In  analyzing  the  distribution  of 
safety  levels,  it  is  much  more  informative  to  consider  how  they  are  related 
to  the  unit  cost  and  quantities  demanded  on  each  item  rather  than  the  total 
annual  demand  for  the  item.  The  reason  for  this  becomes  clear  when  one  considers 
the  wide  range  of  situations  that  are  described  hy  the  statement,  for  example, 
that  an  item  has  an  annual  demand  of  $1,000.  This  could  describe  an  item 
worth  $1.00  which  is  demanded  1,000  times  during  the  year,  or  it  could  describe 
an  item  worth  $1,000  that  is  demanded  only  once  a  year.  The  range  of  order 
sizes  is  extremely  important  to  the  central  question  of  how  big  the  safety 
level  should  be  to  afford  a  given  degree  of  protection.  It  can  easily  be  seen 
that  order  sizes  for  high  unit  price  items  will  generally  be  smaller  and  cover 
a  smaller  range  than  order  sizes  for  low  unit  price  items.  Given  the  demand 
rates  in  terms  of  units  demanded  per  year,  it  can  reasonably  be  expected  that 
the  variance  to  mean  ratio  (which  is  a  measure  of  the  expected  fluctuation  in 
demand)  will  be  small.er  for  high  unit  cost  items  than  for  low  unit  price  items.. 
Thus,  safety  levels  for  items  in  the  former  category  will  be  smaller  than  those 
in  the  latter. 

This  finding  has  suggested  that  the  re,lationships  between  the  unit  price, 
quantity  demanded  and  the  variance -to-meaa  ratio  can  be  employed  as  a  useful 
demand  forecasting  tool.  A  more  detailed  discussion  of  this  concept  of  the 
variance -to -mean  ratio  will  be  found  in  Section  IV. 
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AVERAGE  OPTIMUM  SAFETY  LEVEL  VS  AVERAGE  ANNUAL  DOLLAR  DEMAND 
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National  Availability  and  Procurement  Cycles 

chart  on  the  opposite  page  depicts  how  average  procurement  cycles  would 
vary  under  the  procedures,  The  cycles  indicated  for  the  proposed  system 

are  based  upon  ordering  the  optimal  procurement  quantity  after  consideration 
of  all  relevant  costs  of  procuring  (including  fixed  manufacturing  costs)  and 
holding  the  item.  Only  the  99^^  national  availability  level  of  control  is 
shown  since  procurement  cycles  in  the  range  of  99^^  ••  level  of  control 

are  very  nearly  the  same.  Procurement  cycles  prescribed  under  current  regulations 
are  also  shown  on  the  chart  for  purposes  of  conparison. 

It  can  be  seen  that  procurement  cycles  under  the  least-cost  application 
of  the  M.I.T.  procedures  will  differ  significantly  from  those  prescribed  by 
current  regulations.  On  items  with  an  annual  demand  of  less  than  $100,  they 
are  longer  and  thus  larger  quantities  would  be  procured  than  at  present.  In  the 
range  of  $100  -  $1,000  annual  demand,  the  quantities  procured  would  be  less. 

In  the  range  of  $1,000  -  $100,000  annual  demand,  the  quantities  procxxred  would 
be  significantly  greater  due  largely  to  the  size  of  fixed  manufacturing  costs. 

Here  again,  it  is  more  meaningful  to  consider  not  the  annual  dollar  value 
of  demand  for  the  item  but  its  unit  cost  as  well.  It  can  logically  be  expected 
that  high  unit  cost  items  will  generally  carry  along  with  them  a  high  manufacturing 
set-up  cost.  In  such  cases,  a  larger  buy  is  indicated  if  least-cost  operation 
is  desired.  !Ehis  is  merely  the  familial*  notion  of  quantity  discounts.  Under 
the  M.I.T.  procedures,  this  factor  is  considered.  In  addition,  however,  the 
cost  of  holding  is  also  considered  and  these  two  opposing  cost  factors  are 
balanced  to  achieve  a  minimum  operating  cost. 

No  estimates  of  optlmimi  procurement  cycles  are  shown  for  items  with  an 
annual  demand  of  greater  than  $100,000  or  less  than  $20.  The  reasons  for 
this  exclusion  are  the  same  as  given  previously,  namely  that  exigencies  of 
the  market  place  can  be  expected  to  affect  the  supply  analyst's  decisions 
to  a  considerable  extent.  It  is  considered  that  it  would  be  improper  to 
speculate  on  what  his  decisions  would  be  under  either  the  present  or  pz*oposed 
proeed\zres. 
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Benefits  To  Be  Achieved  Utader  the  M.I.T.  Procedures 


The  benefits  that  can  be  expected  If  the  M.I.T.  procedures  ea*e  followed 
can  be  summarized  as  follows: 

a.  Protection  against  going  out  of  stock  nationally  can  be  fixed  at  a 
desired  level  as  a  matter  of  policy  with  every  reasonable  assurance  that  the 
level  of  performance  thus  prescribed  will  be  attained  and  maintained. 

b.  Tighter  control  will  be  maintained  over  national  availability  on  a 
by-item  basis.  While  national  availability  under  present  regulations  is  shown 
as  being  an  average  of  many  individual  items  are  considerably  below  that 
average  and  many  are  above.  Under  the  M.I.T.  procedure,  the  great  majority 

of  items  will  cluster  about  the  national  availability  average. 

c.  Policy  decisions  on  how  to  apportion  the  inventory  investment  among 
items  can  be  made  on  a  logical  basis,  and  the  effects  of  such  decisions  on 
system  performance  and  operating  costs  can  be  estimated  in  advance. 

d.  Performance  in  terms  of  initial  fill  of  requisitions,  on-time  shipments, 
and  customer  waiting  time  can  be  improved  by  establishment  of  appropriate  levels 
of  national  availability.  In  addition,  the  costs  of  improvement  in  terms  of 
operating  costs  and  inventory  investment  can  be  estimated  in  advance. 

e.  The  number  of  back  orders,  shortage  reports,  extracts  and  emergency 
requisitions  can  be  reduced  by  raising  the  national  availability  level  of  control 
to  appropriate  levels. 

f .  Assurance  can,  be  had  that  mobilization  reserve  stocks  will  be  available 
for  their  intended  purpose  and  that  they  will  be  used  as  peacetime  operating 
stocks  only  to  the  degree  specified  by  policy  decision. 

g.  Customer  ordering  habits  can  be  expected  to  improve  as  supply  performance 
is  improved,  thus  pointing  the  way  towards  operating  the  supply  system  at  lower 
cost  and  with  less  inventory. 

h.  Significant  savings  in  operating  costs  can  be  achieved  if  the  least- 
cost  mode  of  operation  is  adopted. 

I.  Supply  analysts  will  have  available  to  them  a  set  of  analytical  tools 
to  help  in  their  decision-making  function.  As  they  acquire  experience  in  their 
use,  alternate  courses  of  action  can  be  considered  and  their  effects  estimated 
prior  to  formulation  of  decisions. 

J.  Supervisory  review  of  supply  analysts'  Judgement-type  decisions 
will  be  possible  on  a  more  factual  and  resnonable  basis. 
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SECTION  III 

DETAIIED  COST  AND  PERFORMANCE  COMPARISONS 


For  the  purpose  of  exhibiting  the  effects  of  demand  variability  on 
performance,  the  effect  of  the  elements  of  operating  costs  on  total  costs, 
and  further,  of  synthesizing  the  results  to  obtain  a  comparison  of  operations 
under  the  present  and  the  proposed  systems,  an  extensive  analytical  study 
has  been  completed  beyond  that  described  in  Interim  Technical  Reports 
Nos.  7  and  9  of  the  M.  I.  T.  Operations  Research  Project  (see  Appendices), 

Those  reports  described  the  method  by  vdiich  the  mathematical  basis  for  the 
proposed  system  was  derived  and  the  tentative  conclusions  reached  on  performance 
and  costs  comparisons  after  considerable  analytical  study  and  computer 
simulation  of  the  present  and  proposed  systems.  The  comparisons  presented 
below  include  considerations  not  treated  in  previous  reports,  such  as  the  effects 
of  the  application  of  the  "5  x  5"  policy,  of  the  60  day  safety  level  for  medium 
and  high  dollar  value  items,  of  manufacturing  set-up  costs  and  of  the  Joint 
relationships  of  demand,  demand  variance,  and  unit  price  of  the  items.  These 
newer  results,  therefore,  are  believed  to  constitute  a  more  rigorous  and  mean¬ 
ingful  basis  for  comparison  of  system  performance  than  it  has  been  possible 
to  achieve  previously, 

A  word  of  caution  is  necessary  before  the  comparison  results  are 
discussed.  It  must  be  remembered  that  these  results  have  been  obtained 
through  the  operation,  by  anal3rtical  and  computer  simulation  techniques, 
of  two  supply  systems.  It  is  not  possible  to  compare  what  is  actually 
happening  today  with  what  would  happen  if  the  proposed  system  were 
implemented  because: 

a.  The  present  system  has  been  changing  frequently  and  many  of 
the  rules  presently  in  effect  have  not  been  operating  long  enough  to  permit 
determination  of  their  effects,  and 

b.  Changes  in  reporting  requirements  and  definitions  prevent 
establishment  of  a  stable  set  of  base  performance  data  for  the  present  system, 
and 


c.  There  is  abundant  evidence  that  present  rules  are  not  being 
rigorously  followed  in  the  actual  management  of  the  system. 
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Performance 


1.  Measure  of  Performance 


While  national  availabilit7  is  a  nominal  measure  of  performance, 
for  many  reasons  it  turns  out  to  be  better  to  think  of  national  availability 
as  a  control,  rather  than  a  measure  of  performance.  Clearly  performance 
should  be  measured  in  terms  of  the  promptness  with  which  real  customer  need 
ia  met  by  the  supply  function.  This,  after  all,  is  the  mission  of  supply. 

"Promptness"  is  not  simple  to  measure.  Three  measures  \diich 
partially  but  not  completely  describe  promptness  ares 

(1)  fo  initial  source  fill,  approximately  equal  to  depot 
availability. 

(2)  Average  wait,  in  days,  for  fill  when  secondary  source 
(extracting)  must  be  used. 

(3)  Total  "waiting",  as  measured  by  item-years  of  wait  per 

year. 


Exhibit  4  displays  three  possible  patterns  of  filling  customer 
demands  with  varying  degrees  of  "promptness".  It  is  ly  no  means  obvious 
which  of  these  is  the  "best"  pattern. 

Nevertheless,  national  availability  corresponds  quite  closely  to 
percentage  of  on-time  shipments,  and  leads  to  a  simple,  yet  rigorous, 
solution  of  the  Inventory  control  problem.  Simulations  have  proved  Its 
value  as  a  control  variable,  as  will  be  seen  later  in  this  section. 

2.  Factors  Affecting  Performance 

The  factors  affecting  national  availability,  the  control  variable 
for  supply  performance,  are  the  following; 

(1)  Average  demand  during  the  procinrement  lead  time 

(2)  Variance  of  demand  diuring  the  procurement  lead  time 

« 

(3)  Length  of  the  procurement  cycle 

(4)  Length  of  the  procurement  lead  time 

Policies  regarding  the  allocation  of  national  stock  to  the  various  depots, 
includiri!^  ortrac+in"  and  stock  leveling,  obviously  have  a  bearing  on  the  promptness 
with  v;hicl:  poet,  enp  end  station  demands  are  satisfied,  but  have  only  indirect 
effects  on  national  availability.  These  indirect  effects  are  insignificant  at 
high  levels  of  availability  (above  90$).  It  is  assumed  throughout  that  depot 
assets  are  accurately  known. 

It  should  be  noted  that  only  factor  (2),  the  variance  of  demand  during 
the  lead  time,  is  not  presently  used  in  supply  control  studies.  Methods  of 
estimating  this  factor  are  given  in  Section  V  of  this  rep»rt. 

20 


PROMPTNESS 
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DELAY  UNTIL  DELIVERY 


3 1  Perforaance  Comparisons 


On  the  average,  present  proetirement  cycles  and  safety  levels  should 
yield  the  sort  of  national  availability  shown  In  Esdilblt  5*  For  example, 

4he  average  Item  with  a  demand  rate  of  500  units  per  year,  and  a  unit  price 
of  $.50,  procured  under  the  5x5  rules,  will  have  an  average  natloned 
availability  of  985^. 

1 

Certain  general  conclusions  can  be  drawn  from  this  chart.  Medium 
dollar  value  Items  have  considerably  poorer  availabilities  than  low  and 
high  dollar  Items.  Also,  most  low  dollar  items  have  quite  good  availabilities. 
This,  of  course,  is  due  to  the  long  procurement  cycles  of  the  5x5  poli<y. 

Use  of  the  proposed  rules  for  determining  safely  levels  would 
yield  a  uniform  availabUl-^  over  the  entire  range  of  items  at  whatever  level 
was  specified' 
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EXHIBIT  5 

REPRESENTATIVE  PRESENT  SYSTEM  AVAILABILITIES 

VS.  DEMAND  AND  PRICE 


UNIT  PRICE 


4.  Reliability 


In  comparing  the  performance  of  two  systems,  one  Is  usually 
Interested  not  only  in  average  perfoimance  but  also  In  reliability  of 
performance.  Eschibit  6  shows  the  deviations  from  average  performance 
generated  In  computer  simulations  of  the  proposed  system  and  "present" 
regulations  (before  adoption  of  5  x  5  and  60  day  safety  levels).  Much 
the  same  results  could  be  expected  from  a  simulation  of  the  present 
system,  including  5x5  and  60  day  safety  levels.  The  average  would  be 
higher,  but  the  dispersion  would  be  quite  similar  to  that  shown. 
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5«  kreraee  Depot  Availability 


Simulations  of  the  present  and  proposed  systems  edso  generated 
data  which  ^ov  the  relationship  between  depot  availability  (Initial  source 
fill)  and  national  availability.  Then  results  are  contained  In  Exhibit  7, 
and  are  based  upon  present  extracting  and  stock  leveling  rules. 

Depot  availability  must,  of  course,  be  less  than  national 
availability.  Note  especially  that  at  99%  national  avallablU*^,  depot 
initial  fill  will  be  only  92%  on  the  average. 
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EXHIBIT  r 

DEPOT  OUT-OF-STOCK  VS  NATIONAL  OUT- OF- STOCK 
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6.  Dletrltutlon  of  Depot  Antllabllity 


The  va7  in  which  depot  avallabilitj  rarlee  among  items  is  shown  in 
Exhibit  8.  The  prerious  exhibit  displayed  average  depot  availability. 

This  one  dis^days  its  range  and  dispersion. 

The  following  chart  is  taken  froni  this  exhibit  and  shows  median 
depot  availabilities  and  minimum  depot  availabilities.  (The  median  is 
that  point  above  and  below  which  5(^  of  the  observations  lie. ) 
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SOURCE  MIT  SIMULATIONS 


7. 


Another  measure  of  "promptness"  Is  the  average  valt  for  demand  not 
met  on  lareeentatlon  at  the  Initial  source  depot*  Simulation  results  are 
shovn  In  Exhibit  9*  Again,  the  "present"  systen  Is  without  "5x5"  and 
60  day  safety  levels. 

Median  average  waits  fjrom  this  exhibit  are  as  follows  t 


.1175  (43  days) 
.0975  (36  days) 
.085  (31  days) 
.1140  (42  days) 
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EXHIBIT  9 

AVERAGE  WAIT  FOR  DEMAND  NOT  MET  ON  PRESENTATION 

AT  INITIAL  SOURCE  DEPOT 
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AVERAGE  WAIT  (IN  YEARS) 


8 


Total  Walt 


Exhibit  10  is  concerned  with  total  waiting  rather  than  average 
wait.  It  shows  the  cumulative  percentage  of  items  having  up  to  any 
given  amount  of  item-years  of  wait  per  year.  By  this  measure,  a  one 
month  delay  in  shipping  12  units  of  an  item  is  equivalent  to  a  6  month 
delay  in  shipping  2  units  of  the  same  item. 

Median  total  waits  from  this  exhibit  are  as  follows: 


National  Availability 

90% 

95% 

99% 

"Present" 


Median  Total  Wait 
(Item-Years  per  Year) 

17.0 

11.0 

5.6 

16.0 
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9.  Conclusions  on  Performance 


National  availability  is  an  excellent  control  variable  for  most, 
if  not  all,  reasonable  measures  of  "promptness"  of  supply. 

In  addition,  national  availability  should  correspond  closely 
to  percentage  of  on-thne  shipments. 

Even  allowing  for  the  Improvements  made  ty  "5  x  5"  on  low 
dollar  value  items  and  60  day  safety  levels  on  medium  and  h-igh  dollar 
value  items,  substantial  ia^rovements  in  performance  are  possible  ly 
going  to  the  proposed  system  at  availability  levels  of  99^  and  above. 

These  improvements  lie  not  only  in  raising  average  performance 
levels,  which  could  be  accomplished  by  merely  raising  safety  levels,  but 
also  in  providing  more  consistent  and  reliable  performance,  and  in  ni«.]flwg 
available  to  management  the  ability  to  specify  performance  in  advance  and 
to  calculate  its  cost  and  Inventory  implications. 
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Operating  Costs  and  Inventories 
1,  Measures  of  Costs 


The  two  kinds  of  costs  considered  in  this  study  are  holding  costs 
and  procurement  costs.  Holding  costs  are  the  costs  associated  with  maint¬ 
aining  inventories  in  depots  and  include  care  and  preservation  e3q)enditures, 
deterioration  and  obsolescence  losses,  interest  on  money  invested,  and  others. 
Procuroaent  costs  are  those  associated  with  making  a  single  procurement  for 
a  particular  item  and  include  costs  incurred  in  supply  management,  indiistrial 
contracting  and  purchasing,  district  procurement  activities,  and  fixed  costs 
of  manufacturing.  More  complete  discussions  of  the  nature  and  magnitudes 
of  these  costs  are  found  in  Section  V  of  this  report  and  in  MoI.T.  Interim 
Technical  Reports  Nos.  7  and  9. 

It  should  be  noted,  particularly,  that  no  costs  have  been  associated 
with  supply  failures,  although  these  costs  are  certainly  substantial.  Thus, 
if  these  proposals  are  adopted  and  national  availability  set  higher  than  at 
present,  the  savings  resulting  from  decreased  expediting,  and  fewer  shortage 
reports,  extracts,  back-orders,  and  explanations  of  poor  performance  will 
be  a  bonus  over  and  above  the  savings  claimed  in  this  report, 

2,  Factors  Affecting  Costs  and  Inventories 

The  cost  of  procurement  and  cost  of  holding  for  a  given  item 
obviously  directly  affect  the  total  costs  of  supply  operation  for  that  item. 
Besides  the  variance  of  demand,  these  are  the  only  factors  needed  which  are 
not  presently  used  in  supply  control  studies.  Costs  and  inventories  also> 
Increase  as  the  lead  time  and  variance-to-mean  ratio  Increase,  These  two 
factors,  as  a  matter  of  fact,  have  identical  effects  on  costs  and  inventories 
in  the  mathematicsLl  model,  A  50%  increase  (or  decrease)  in  the  lead  time 
will  increase  (or  decrease)  total  costs  exactly  as  much  as  will  a  50^  increase 
(or  decrease)  in  the  varlance-toHnean  ratio.  More  will  be  said  of  this  in 
Section  IV,  Finally,  total  operating  costs  and  inventories  depend  upon  the 
average  demand  rate  and  unit  price. 


3,  Cost  and  Inventory  Comiiarleon 

For  porposes  of  eomparlng  present  and  proposed  proeednresy  an  arninal 
unit  holding  eoist  of  17$  of  unit  priee  and  a  proenreBent  oost  of  flOO  pins 
fixed  nannfaoturing  oost  hare  been  assnaed*  The  total  oost  and  laTentorj 
figures  shorn  here  exclude  all  secondary  items  whose  unit  priee  exceeds 
1500  and  all  those  whose  demand  rate  is  less  than  100  units,  as 

noted  in  Section  II. 

It  is  Interesting  to  note  that  adoption  of  only  the  new  safely 
level  procedure  at  99$  a^dlability  would  reduce  stook<^at8  teem  3$  to  ' 

1$  ^th  almost  negligible  increases  in  costs  and  inventories.  In  other 
words,  performance  could  be  substantially  Improved  by  redistributing 
inventories,  cutting  some  safety  levels  while  raising  others. 

It  is,  perhaps,  more  interesting  to  note  that  cost  savings 
generated  by  adopting  the  optimum  system  at  99$  would  quickly  retuim 
the  required  additional  investment  in  inventory.  These  savings  are 
largely  in  the  procurement  area,  and  depend  to  a  considerable  degree  cm 
obt^ing  lower  prices  for  larger  orders. 


Procurement  Cycles 


The  major  impact  of  the  proposed  procedures  on  operating  costs  and 
inventories  canes  fran  substantial  changes  in  procurement  C7cles. 

Exhibit  12  displays  typical  optimum  procurement  cycles  for  99/6  avail¬ 
ability  as  a  Joint  function  of  price  and  demand  rate.  It  must  be 
remembered,  however,  that  these  cycles  depend  critically  on  the  magnitude 
of  the  cost  of  procurement.  For  high-priced  items  this  cost  is  assumed 
to  be  high,  due  mainly  to  the  fixed  cost  of  manufacturing,  which  should 
afford  opportunities  for  substantial  quantity  discounts  (see  Esdiibit  21, 
Appendix  1). 

This  exhibit  once  again  demonstrates  the  hazards  inherent  in  an 
approach  which  makes  procurement  cycles  depend  entirely  on  annual  dollar 
demand.  Exhibit  3,  which  showed  average  optimum  procurement  cycles  as  a 
function  of  annual  dollar  demand,  is  an  oversimplification  of  the  complex 
relationship  seen  here.  By  drawing  lines  between  points  of  equal  cycle 
length,  one  can  see  a  pattern  of  contour  lines  emerging.  These  too, 
eure  averages,  and  may  not  be  applicable  to  any  particular  item.  They 
sure  properly  used  to  study  the  relationships  involved  in  this  problem, 
and  are  not  recommended  for  use  in  making  supply  decisions. 
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EXHIBIT  12 

REPRESENTATIVE  OPTIMUM  PROCUREMENT  CYCLES 
FOR  99%  AVAILABILITY 
(IN  NO.  OF  MONTHS  SUPPLY) 
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UNIT  PRICE  (U) 


Safety  Levels 


Exhibit  13  shows  typical  optimum  safety  levels  for  9956  availability 
as  a  Joint  function  of  price  and  demand.  These  safety  levels  are  based 
upon  the  assumption  that  optimum  procurement  cycles  are  used. 

The  fact  that  no  consistent  patterns  are  evident  in  this  exhibit  is 
further  proof  that  levels  should  be  established  on  the  basis  of  each 
item's  individual  characteristics.  The  average  relationship  shown  in 
Exhibit  2  hides  much  of  the  real  problem* 
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SECTION  IV 


CRITICAL  EVALUATION  OF  THE  PROPOSED  SYSTEM 


This  section  of  the  report  discusses  those  features  of  the  proposed  system 
that  cannot  he  quantitatively  defined  or  evaluated.  Included  is  a  discussion 
of  the  weak  points  of  the  proposed  system,  how  they  axe  treated  under  the 
present  system  and  how,  through  further  research  studies,  the  proposed  system 
may  he  further  strengthened. 


Forecasting  of  Average  Demand  Rates 

The  proposed  system  does  not  offer  any  mathematical  aid  to  improving 
the  forecasting  of  average  demand  rates.  An  error  in  forecasting  the  average 
demand  rate  will,  as  in  the  present  system,  lead  to  supply  difficulties.  The 
M.I.T.  procedure  will,  however,  reduce  to  a  substantial  degree  the  impact  of 
\inder-estimation  of  future  demand.  This  is  because  of  the  introduction  of  the 
concept  of  variance  in  the  computation  of  the  safety  level  and  reorder  warning 
point.  Preliminary  analysis  indicates  that  the  M.I.T.  procedure  can  tolerate 
an  error  in  the  demand  forecast  of  as  much  as  and  still  maintain  the 
desired  degree  of  protection  against  going  out  of  stock  diiring  the  procurement 
lead  time.  This  factor  alone  is  of  great  significance  in  comparing  the 
procedures  of  the  present  and  proposed  systems. 

This  feature  of  the  proposed  system  cannot,  however,  he  substituted 
for  knowledge,  or  considered  judgements  based  on  knowledge,  of  future  conditions. 
The  supply  analyst  must  be  kept  continually  aware  of  such  Influencing  factors 
as  anticipated  troop  activations  or  movements,  changes  in  levels  of  Army 
operations,  changes  in  major  item  densities,  major  item  age,  mutual  security 
programs  and  rebuild  programs,  and  he  must  use  this  knowledge  to  adjust  demand 
forecasts.  More  emphasis  should  undoubtedly  be  placed  on  the  consideration 
of  demand  rates  computed  by  the  Ordnance  Supply  Analysis  Agency. 

The  research  efforts  of  the  Ordnance  Supply  Analysis  Agency  will 
most  likely  yield,  more  information  as  time  progresses  on  the  effects  of  factors 
such  as  major  item  density  changes,  climate,  tactical  employment,  etc.  on  demand 
rates.  However,  additional  research  work  on  forecasting  techniques  is  also 
needed.  Among  the  areas  requiring  Immediate  attention  are  methods  for  determining 
the  extent  to  which  demand  history  is  useful  for  forecasting  jjurposes,  what 
lengths  of  past  demand  history,  if  it  is  used,  should  be  considered  in  forecasting 
future  demand  rates,  and  methods  for  determining  when  a  deviation  frcan  a  forecast 
rate  represents  an  actual  change  in  demand  rate  rather  than  a  random  f luctuaticr . 


The  Assumption  of  Stationary  Demand 


The  proposed  system  assumes  that  the  average  demand  rate  remains  stationary 
(i.e.,  constant)  during  the  period  of  forecast.  While  the  present  system  permits 
adjustments  to  the  average  qiaarterly  demand  rate  during  the  forecast  period  to 
accommodate  the  estimated  effects  of  density  changes,  programmed  demands,  etc., 
there  is  abundant  evidence  from  this  and  other  studies,  that  random  fluctuations 
are  much  more  significant  contributors  to  unsatisfactory  supply  performance 
than  the  assumption  of  stationary  average  demand.  This  does  not  mean,  however, 
that  the  proposed  system  might  not  be  further  improved  by  modification  to 
include  provision  for  non-stationary  demand  rates  during  the  forecast  period. 
Consequently,  additional  work  should  be  done  to  determine  Aether  the  additional 
benefits  that  might  be  achieved  would  justify  the  greater  degree  of  mathematical 
effort  that  would  be  required. 


Holding  and  Procvirement  Costs 

It  must  be  recognized  that  the  proposed  system  requires  that  forecasts 
of  these  costs  be  made  at  the  time  of  a  supply  review  if  the  system  is  operated 
under  the  "least-cost"  option.  Under  the  present  system,  these  estimates  are 
not  explicitly  made;  nevertheless,  a  good  supply  analyst  does  consider  these 
factors,  however  intuitively,  when  he  reaches  his  decision  on  how  much  to  buy. 
One  major  advantage,  then,  of  the  proposed  system  is  that  these  costs  are 
explicitly  recognized  by  the  supply  analyst.  Further,  it  is  anticipated  t^t 
much  improved  bases  for  estimating  these  costs  will  became  available  as 
continuing  data  are  generated  through  the  Ordnance  Ccxmaand  Management  System. 


Procurement  Lead  Time  Variability 

The  proposed  system  assumes,  as  does  the  present  system,  that  the  forecast 
of  procurement  lead  time  will  be  met.  Experience  indicates  that  this  is  not 
always  a  reasonable  assumption.  There  are,  however,  insufficient  data  available 
at  this  time  to  permit  the  treatment  of  procurement  lead  time  in  probabilistic 
terms.  While  this  must  be  considered  as  a  problem  area  requiring  fxxrther  study, 
it  must  be  recognized  that  both  the  present  and  proposed  systems  are  affected 
in  the  same  way  by  errors  in  the  procurement  lead  time  forecast.  The  lead  time 
forecasting  problem  is  not  as  serious  as  the  others,  however,  since  there  is 
provision  imder  either  the  present  or  proposed  systems  for  aininistrative  action 
to  expedite  lagging  deliveries. 


Accuracy  of  Assets  Information 

The  present  system  is  frequently  plagued  by  major  inventory  adjustments 
because  of  differences  that  develop  between  perpetvtal  inventory  records  and 
physical  inventory.  These  discrepancies  will,  of  course,  affect  the  performance 
under  the  proposed  system  in  the  same  manner.  It  is  anticipated  that  increasing 
utilization  of  Automatic  Data  Processing  equipment  will  decrease  these  adjustments. 
In  addition,  a  study  is  currently  in  progress  to  determine  whether  the  application 
of  statistical  qxiality  control  techniques  to  the  taking  of  physical  Inventories 
will  Improve  this  situation. 
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Consumer  Funding 


It  is  only  recently  that  certain  Implications  of  the  impact  of  consimer 
f\inding  practices  have  heen  recognized.  The  most  striking  of  these  result  from 
the  practice  of  releasing  large  sxans  of  consumer  funds  to  continental  and 
overseen  armies  at  specific  time  Intervals,  usually  at  the  heginnlng  of  each 
quarter.  Ihis  has  the  effect  of  deferring  demands  for  secondary  items  for  a 
period  of  months,  with  a  corresponding  deluge  of  demands  on  the  supply  system 
when  funds  become  available.  A  corollary  effect  has  also  been  noted;  it  is 
apparently  common  practice  for  field  armies  to  turn  in  serviceable  parts  which 
are  sure  to  be  needed  in  the  near  future  in  order  to  obtain  credits  with  which 
to  buy  other  parts  which  are  in  seriously  short  supply. 

Neither  the  present  nor  the  proposed  system  can  be  e:5)ected  to  operate 
effectively  iinder  these  conditions.  To  the  extent  that  consumer  funding 
practices  (or  any  others  tliat  are  as  yet  undiscovered)  tend  to  make  demands 
experienced  at  the  depot  level  less  predictable,  the  effects  to  be  expected 
are  poorer  supply  performance,  higher  operating  costs,  and  larger  inventories. 

One  immediately  apparent  technique  for  alleviating  this  difficulty  would  be  to 
manage  the  funds  in  the  same  way  as  it  is  proposed  to  manage  the  parts— namely, 
to  provide  for  a  reorder  point  for  funds  replenishment  that  is  consistent  with 
anticipated  spare  parts  demands. 

Some  mention  should  also  be  made  of  possible  effects  of  implementation 
of  the  proposed  sratem  on  Ordnance  customers.  One  that  can  be  looked  for^  even 
though  it  cannot  be  measirred  in  a  research  study  of  this  type,  is  customer 
reaction  to  improved  supply  performance.  It  has  been  often  observed  that  demands 
for  an  item  Increase  when  it  goes  out  of  stock  and  that  they  decrease  when 
itock  again  becomes  available.  It  seems  reasonable  to  assume  that  Improvements 
in  custcxner  ordering  habits  will  result  from  improved  supply  performance. 


The  Use  of  Mobilization  Reserve  Stocks 


The  actual  performance  of  the  present  system  is  aided  materially  by  the 
use  of  mobilization  reserve  stocks  to  satisfy  peace-time  operating  requirements. 

It  is  entirely  reasomble  to  do  this,  but  the  net  effect  is  that  there  is  no 
effective  guarantee  of  having  a  minimum  amount  of  stock  on  hand  at  the  time 
of  mobilization. 

Adoption  of  the  proposed  procedures  at,  say,  the  99?^  level  of  availability, 
would  meaui  that  stock-on-hand  would  be  less  than  the  mobilization  reserve  level 
only  1^  of  the  time.  Of  course,  if  an  item  had  no  reserve  stocks  established, 
the  above  policy  woiUd  mean  the  depot  system  would  be  oiit  of  stock  l^t,  of  the  time . 
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Acceptance  of  the  Proposed  System  by  Supply  Personnel 


Questions  have  been  raised  at  every  discussion  of  the  proposed  system 
as  to  whether  it  can  be  readily  used  by  today's  supply  analysts  and  whether 
it  would  require  more  time  and  more  people. 

There  is  no  question  but  that  careful  training  of  supply  analysts  will  be 
required  before  any  such  system  is  implemented.  Neveirtheless,  the  concepts 
underlying  the  system  are  simple  and  easily  understood.  No  mathematical 
preparation  is  needed.  Suggestions  on  parocedures  of  Implementation  and  training 
in  their  use  are  offered  in  the  following  section.  It  will  be  seen  that  little 
additional  effort  by  the  supply  analyst  is  required  except  in  the  case  of  the 
more  Important  costly  items.  It  is  in  this  area,  however,  that  the  need  for 
moire  factual  data  and  mature  Judgement  is  already  recognized.  The  proposed  system 
should  be  of  great  help  to  the  analyst  in  enabling  him  to  identify  exactly  those 
factors  which  should  influence  his  decision  and  to  determine  quantitatively 
how  each  of  these  factors  affects  his  decision.  Moreover,  the  analyst,  as  he 
acquires  experience  in  the  use  of  the  model,  should  be  able  to  examine  a  family 
of  decisions  that  are  open  to  him  and  to  estimate,  in  quantitative  terms,  the 
probable  effects,  in  terms  of  both  supply  performance  and  costs,  of  each  possible 
course  of  action.  This  type  of  analysis  is  not  possible  under  the  present 
system.  Indeed,  it  is  suspected  that  the  present  unavailability  of  analytical 
techniques  (together  with  the  enjoinder  that  they  be  used)  is  a  source  of 
frustration  and  irritation  to  today's  supply  analyst.  !Ihere  is  no  question  that 
the  magnitude  of  the  supply  problem  demands  better  supply  analysts.  It  is 
suggested  that  implementation  of  the  proposed  system,  with  utilization  of  its 
decision-aiding  features,  will  help  develop  better  supply  analysts. 


Achievement  of  Expected  Performanc'^  (hider  Actual  Operating  Conditions 

Throughout  this  report,  emphasis  has  been  placed  on  the  fact  that  all 
comparisons  and  estimates  have  been  based  upon  the,  policies  and  oi)eratlng  rules 
of  the  present  and  propc'sed  systems.  Examination  of  data  on  actual  perfozmance 
under  present  rules  clearly  shows,  however,  that  actual  resvilts  are  not  consistent 
with  the  theoretically  determined  estimates.  One  measure  of  this  difference  is 
shown  in  the  niimber  of  procurement  actions  processed  on  stock  fund  items  during 
Fiscal  Year  195Q*  Theoretically,  approximately  64,000  individual  procurement 
actions  should  have  been  initiated.  Actually,  only  27,000  actions  were  processed. 
Similar  differences  are  evident  in  the  areas  of  supply  performance  where  it  is 
apparent  that  performance  under  present  procedrurcs  in  terms  of  national  out-of -stock, 
percent  of  initial  fill  of  requisitions  and  percent  of  on-time  shipments  should 
be  better  than  it  actually  is. 


46 


Some  of  the  factors  that  cause  actual  performance  to  deviate  from  what 
Is  theoretically  possible  under  present  procedures  can  be  readily  Identified. 

She  following  are  considered  to  be  among  the  most  iisportant: 

1.  Reorder  Warning  Point  Review 

Theoretical  estimates  of  supply  performance  (and  for  that  matter, 
costs  also)  were  based  in  this  study  upon  a  continuous  review  of  reorder  points— 
that  is,  the  reorder  point  is  checked  each  time  an  item  is  Issued  and  replenishment 
action  Initiated  immediately  when  the  reorder  point  is  reached.  This  performance 
is  not  now  being  achieved.  Since  the  presently  authorized  safety  level  for  most 
items  is  only  thirty  days'  stock,  any  delay  in  discovering  that  a  reorder  point 
has  been  reached  and  in  teiking  prompt  replenishment  action  can  greatly  affect 
supply  performance. 

2.  Forecasting  Errors 

Estimates  of  present  system  i>erformance  in  this  study  were  made  on 
the  basis  of  good  forecasting.  However,  as  has  been  shown  earlier,  the  present 
system  provides  very  little  margin  of  protection  against  forecasting  errors. 

Indeed,  the  present  procedures  seem  to  imply  a  measure  of  faith  in  the  supply 
analyst's  ability  to  foretell  the  future  that  is  not  at  all  supported  by  any 
known  human  capabilities.  Consequently,  it  is  not  at  all  surprising  that 
actual  performance  does  deviate  frcsa  the  theoretically  determined  measures. 

3.  The  "Dirty  Data"  Problem 

In  the  theoretically  determined  performance  measures,  the  assumption 
liad  to  be  made  that  data  utilized  in  reaching  decisions  were  timely  and  accurate. 
Some  portion  of  the  deviation  of  actual  from  theoretical  performance  is  undoubtedly 
due  to  data  errors  in  actual  practice.  Some  of  these  would  be  missing,  duplicated 
or  incorrectly  coded  demand  transactions,  incorrect  assets  information,  errors 
in  Ordnance  Master  Data  Files,  etc.  In  actual  practice,  these  errors  would 
cei'talnly  account  to  some  degree  for  forecasting  errors,  improper  procurement 
decisions,  missed  sbipnent  dates  and  the  like. 

4.  Ihe  Human  Element 


The  theoretical  estimates  of  present  system  perfoxmance  assume  that 
a  supply  analyst,  given  a  set  of  facts,  will  reach  a  supply  decision  that  is 
consistent  with  the  rules  and,  further,  that  all  enalysts  faced  with  the  same 
facts  will  reach  Identical  decisions.  It  is,  of  course,  recognized  that  no 
set  of  rules  can  be  so  clearly  stated  that  this  is  possible  of  achievement. 
Moreover,  it  is  recognized  that  no  two  supply  analysts  possess  to  an  identical 
degree  the  level  of  skill,  knowledge  and  motivation  necessary  to  follow  exactly 
even  the  most  precisely  stated  instructions.  Thus,  it  can  be  esqwcted  that  any 
theoretical  estimates  of  perfoxmance  will  differ  from  results  achieved  under 
actual  operating  conditions. 
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It  would,  of  course,  be  nonsensical  to  assmne  that  adoption  of  the 
proposed  system  would  automatically  solve  difficulties  of  the  types  enxmerated 
above.  It  can  be  stated,  however,  that  adoption  of  the  M.I.T.  procedures  would 
Improve  supply  performance  to  a  marked  degree  even  If  no  Improvement  were  made 
on  these  factors.  This  statement  can  be  made  with  a  high  degree  of  confidence 
simply  because  the  provision  for  random  fluctuations  In  safety  levels  would 
afford  a  greater  degree  of  protection  from  vagaries  of  this  kind  than  can 
possibly  be  obtained  under  the  present  rules.  I3ie  only  condition  that  must 
be  placed  on  this  statement  is  that  theoretically  possible  performance  under 
the  proposed  system  will  not  be  achieved  to  the  degree  Indicated  by  the 
estimates  so  long  as  the  above  difficulties  exist.  In  other  words,  while 
actual  performance  under  the  M.I.T.  procedures  can  be  confidently  esgpected  to 
be  slgnlflcEuitly  better  than  under  present  procedures,  the  actual  quantitative 
measiue  of  improvement  may  turn  out  to  be  somewhat  less  than  Indicated  by  the 
theoretical,  estimates. 

There  is,  however,  a  real  basis  for  optimism  in  feeling  that  the  theoretically 
available  improvements  will  be  very  nearly  possible  in  the  foreseeable  futvire. 

Wider  application  and  increasing  skill  In  the  utilization  of  Automatic  Data 
Processing  Systems  should  do  much  in  Improving  supply  system  performance. 

The  continuous  check  of  reorder  warning  points,  for  example,  is  easily  practicable 
with  a  computer.  Similarly,  data  errors  are  much  more  easily  detected,  and  they 
can  be  detected  while  the  error  is  fresh  and  readily  correctible.  In  eidditlon, 
as  ADP  Systems  take  over  more  and  more  of  the  routine  clerical  tasks  of  supply 
personnel,  more  time  will  be  made  available  for  the  non-routine  declsion-maklug 
that  is  so  Important  to  the  success  of  any  system.  Moreover,  as  has  been 
contended  previously,  the  M.I.T.  procedures  by  their  very  structure  will  provide 
a  much  sounder  basis  for  the  supply  analyst's  decisions  than  is  now  available 
and  should  contribute  to  increasing  his  skill  and  knowledge. 


A  Base  for  Further  Improvements 

The  proposed  system  provides  for  an  explicit  and  logically  consistent 
treatment  of  all  the  major  factors  which  affect  the  performance,  operating  costs, 
and  Inventory  investment  of  a  dejxjt  supply  system.  As  such,  the  proposed 
system  will  be  invaluable  as  a  base  for  further  improvements  by  supplying 
operating  experience  and  data. 

A  number  of  possibilities  are  apparent.  It  will  come  as  no  surprise  to 
anyone  familiar  with  military  procurement  problems  that  simplification  of 
procurement  proceduires,  reduction  of  procurement  lead  times,  and  smoothing  of 
demand  patterns  would  improve  performance  and  cut  costs  as  well. 

It  has  not  always  been  possible,  however,  to  predict  the  effects  of  specific 
changes  designed  to  accomplish  these  ends.  The  mathematical  model  underlying 
these  recomnendations,  and  the  congputer  simulation  program  designed  to  test 
it  can  make  such  predictions  much  more  accurate  and  reliable. 
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A  particular  example  will  seirve  as  illustration*  It  has  been  found  that, 
if  the  variance  of  demand  could  be  cut  to  Its  theoretical  minimum,  operating 
costs  and  inventories  at  availability  would  be  roughly  half  of  what  are 
now  required.  To  reduce  the  variance  to  this  level  would  require  the  following: 

(1)  Customers  arrive  at  the  depots  in  a  random  fashion 
(Poisson  Distribution). 

(2)  All  orders  are  for  a  quantity  of  one. 

This  extreme  is,  of  course,  out  of  the  question.  The  paperwork  involved  would 
be  prohibitive,  but  it  is  perhaps  possible  of  achievement  for  selected  high 
dollar  items  and  this  is  where  most  of  the  total  costs  and  inventories  lie. 

There  are  obviously  difficult  procedural  problems  here.  However,  the 
possibility  of  a  50^  reduction  in  many  high  dollar  item  operating  costs  and 
inventories  is  not  to  be  lightly  dismissed.  This  illustration  leads  also  into 
the  whole  question  of  the  depot-customer  relationship. 

One  of  the  paradoxes  uncovered  by  the  study  indicates  that  econcmical 
order  quantities  for  posts,  camps  and  stations  are  not  so  simply  determined 
as  had  been  thought.  Paperwork  and  transportation  costs  are  reduced  by  large 
orders,  but  the  variance  of  depot  demand  is  thereby  increased  since  variance 
is  roughly  proportional  to  average  size  of  orders.  And  variance  is  very  expensive 
as  we  have  seen. 

No  attempt  has  been  made  to  solve  the  general  problem  of  optimum  ordering 
procedures  for  the  posts.  It  would  certainly  be  fruitful  to  base  a  study  in 
this  area  on  the  national  system  model  already  developed. 
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SECTION  V 


SUGGESTED  IMPLBMBMTATIQN  PROCEDURES 


Revision  of  AR  710“45 


This  Army  Regulation  prescribes  the  supply  control  procedures  to  be 
followed  for  minor  secondary  Items  and  repair  parts.  Very  little  revision  of 
this  AR  would  be  required  to  permit  adoption  of  the  M.I.T.  procedures  since  JAe 
AR  already  recognizes  that  safety  levels  may  be  subject  to  change  and  that 
maximum  procurement  limitations  may  be  waived  when  suitable  Justification 
exists.  These,  therefore,  are  the  only  revisions  that  would  be  nececisary: 


1.  .Reorder  Point,  Paragraph  Page  13 

Add  the  following  . . .  "The  seufety  level  component  of  the  reorder  point 
may  be  computed  on  an  Individual  Item  basis,  regardless  of  dollar  value 
classification  of  the  item,  where  it  is  apparent  that  unpredictable  fluctuations 
In  supply  demand  are  of  such  magnitude  as  to  require  special  treatment.  In  such 
cases,  the  variance  of  the  unpredictable  fluctuation  may  be  taken  Into  account." 

2.  Exceptions  and  Uneconcmilcal  Procurement  Quantities, 

Paragraph  10b  ( 4 ) ,  Pages  17,  iS^ 

Add  the  following  . . .  "Prior  approval  for  exceirtiions  need  not  be 
requested  from  the  Deputy  Chief  of  Staff  for  Logistics  if  beads  of  technical 
services  have  implemented  a  formal  euid  quantitative  procedure  for  determining 
the  economical  buy.  In  all  cases,  however,  where  the  procurement  quantity 
deviates  from  the  procurement  quantity  computed  according  to  Instructions  herein, 
the  relevant  cost  factors  and  methods  of  their  consideration  must  be  documented 
end  made  a  part  of  the  formal  supply  control  study. " 
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Estimation  of  Factors 


If  only  the  safety  level  feature  of  the  M.I.T.  model  is  implemented,  the 
sole  new  piece  of  information  required  is  the  variance  of  demand  in  the  lead 
time  for  each  item.  If  least-cost  operation  is  desired,  the  M.I.T.  procurement 
cycle  calculation  requires  that  the  costs  of  procurement  and  holding  he  known. 

1.  Variance  of  Demand 


Two  methods  of  obtaining  the  variance  of  demand  are  available,  one 
involving  manual  or  computer  use  of  a  nomograph,  the  other  requiring  computer 
or  EAM  analysis  of  demand  data.  Which  of  these  is  the  better  predictor  of 
variance  is  a  moot  point,  and  work  is  being  continued  in  this  area.  It  seems 
desirable,  however,  to  use  the  ncMOgraph  method  for  actual  supply  decisions 
since  it  is  much  the  simpler  of  the  two. 

The  nomograph  found  in  Exhibit  15,  was  constructed  by  analyzing  data 
on  about  I50  Ordnance  secondary  items  (See  Appendix  l). 

2.  Costs  of  Procurement  and  Holding 

AR  710“^5  already  recognizes  the  concept  of  and  necessity  for  economical 
procurement  quantities.  If  economy  of  operations  is  to  be  achieved.  Supply 
Management  personnel  must  know  the  costs  of  doing  business  and  must  become 
accustomed  to  thinking  in  these  terms,  In  principle,  the  costs  of  procurement 
and  holding  are  different  for  each  item.  In  practice,  the  differences  are 
negligible  for  large  classes  of  items.  Therefore,  it  is  sxiggested  that  the 
cost  of  procurement  be  taken  as  $100  plus  fixed  manufacturing  cost  and  the 
cost  of  holding  as  IJ^t  of  unit  price  per  year,  with  deviations  permitted  when 
substantiated. 

Before  examining  in  detail  the  cemposition  of  these  costs,  it  would  be 
well  to  look  at  the  principles  underlying  the  proper  estimation  of  costs 
to  be  used  in  making  decisions.  Foremost  is  the  following:  No  cost  is  relevant 
in  making  a  decision  unless  that  cost  will  be  affected  by  the  decision.  This 
means,  for  example,  that  in  making  routine  procurement  decisions  most  overhead 
costs  are  irrelevant.  It  also  means  that  even  potential  savings  in  direct 
labor  are  illusory  imless  people  can  be  discharged,  transferred,  or  enabled  to 
do  their  present  jobs  appreciably  better. 

a.  Procvirement  Costs 


The  axiministrative  costs  of  procurement  are  largely  direct  labor 
costs  at  national  control  jpoints  and  district  procurement  offices.  A  pzxjcixrement 
cost  study  of  substantial  size  has  been  done  euad  is  Included  in  Interim  Technical 
Report  No.  9»  Work  is  being  continued  in  this  area  by  the  Cost  Comnittee  of  the 
Ordnance  Inventory  Management  Project. 
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^ere  Is  another  part  of  the  cost  of  procurement  v&lch  has  received 
somewhat  less  attentloui  but  is  most  important •  Aiay  parts  of  tlie  bidders' 
final  quotations  \dilch  do  not  depend  upon  the  quantity  being  proctired,  l.e., 
fixed  maniofacttiring  costs,  are  also  costs  of  procurement.  Ihey  ere  paid  as 
often  as  new  procurement  necessitating  a  new  manufacturing  run  is  made, 
and  can  amount  to  thousands  of  dollars  for  sane  items.  tChis  is,  of  course, 
the  concept  vinderl^ng  quantity  discounts.  Methods  of  estimati^  these  costs 
are  available,  the  most  sensible  and  direct  of  which  would  consist  in  asking 
for  bids  on  more  than  one  quantity.  Engineering  estimates  could  be  used 
provided  one  could  make  the  assumption  that  contractors  would  bid  on  the  same 
basis. 


b.  Holding  Costs 

As  in  the  case  of  procurement  costs,  a  detailed  study  of  holding  costs 
has  been  made,  and  is  reported  in  Interim  Technlceil  Beport  No.  9*  Exhibit  14 
summarizes  the  results  of  this  study.  Supply  Control  Point  estimates  of  v 
deterioration  and  obsolescence  rates  ranged  from  0%  to  14^  and  0^  to  10^^ 
respectively. 

The  relative  range  of  holding  costs  is  much  less  than  that  of  procure¬ 
ment  costs.  The  latter,  including  administrative  and  fixed  manxifacturing  costs, 
can  range  from  less  tlian  $100  to  many  thousands  of  dollars.  Holding  costs, 
on  the  other  hand,  will  almost  always  be  found  to  be  between  10^  and  29^  per  year 
except  for  those  few  items  subject  to  extremely  high  deterioration  or  surprise 
obsolescence  rates.  As  long  as  these  exceptional  items  are  recognized  and 
handled  accordingly  the  use  of  an  average  rate  of  17%  per  year  should  yield 
excellent  results.  An  error  of  a  factor  of  two  (50^  under  or  100^  over)  in 
estimating  either  holding  or  procurement  costs,  will  aresult  in  an  Increase 
in  total  costs  of  only 
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EbOiibit  Ik 


Summary , of  Holding  Cost  Data  Used  In  Simulations 


Element  Recognized 

Source  Used 

Method  of  Calcxilating 
Annual  %  per  ^  per  item 

Maintenance  in 
storage 

£  s  DCMS  2220  accovints 

.1230  +  .1330, 

calendar  1957 

E 

»  for  an  average  item, 

''  adjusted  depending  on 
nature  of  item,  and  ranging 
for  the  24  items  from  .4^ 
to  2^ 

Losses 

O.C.O.  advice 

2^,  as  in  stock  fund 
acco\inting 

Additional 

Deterioration 

Commodity  Command 
estimates 

Life-time,  or  time  until 
restoration;  converted  to 
short-term  ^  rates  depend¬ 
ing  upon  whether  initial 
deterioration  was  deemed 
to  increase  linearly  or 
e35)onent  ially . 

Obsolescence 

Commodity  Command 
estimates 

Either  linear  or  exponen¬ 
tial  i  rate,  depending 
upon  technological  nature 
of  item 

Investment 

O.C.O.  advice 

3  *31^*  all  items 

Detailed  Computational  Method 


Ibe  computational  methods  Involve  only  ordinary  arithmetic  and  three 
nomograpdis  (tvo  If  the  least-cost  procurement  cycle  feature  Is  not  used)* 

Thus  these  calculations  can  he  perfoxned  either  hy  present  supply  analysts 
or  hy  electronic  computer. 

1.  Variance  CalciQatlon 

The  nomograph  for  detezminlng  the  varlance-to-mean  ratio  V  Is  found 
in  Exhibit  1^.  Work  Is  continuing  on  the  problem  of  finding  the  best  fit  of 
V  plotted  against  price  and  demand.  Thus,  it  is  possible  that  these  contour 
lines  may  shift  slightly  as  a  result  of  euidltional  calculations* 

To  illustrate  the  use  of  this  emd  succeeding  nomographs,  let  us 
consider  a  specific  example,  a  fictitious  item  called  a  widget  with  the  following 
characteristics : 


annual  demand 

S3 

X  a 

200  units 

unit  price 

U  a 

$40. 

varlance-to-mean  ratio 

= 

V  a 

13  (from  Exhibit  15) 

holding  cost 

1  a 

.17  per  year 

procmrement  cost 

= 

Cpa 

$900  (See  Exhibit  21) 

procurement  lead  time 

s 

L  s 

.67  year 

After  obtaining  the  varlance-to-mean  ratio  (V  a  13)  as  shown  In 
Exhibit  13,  one  must  calculate  the  standard  deviation  of  demand  o.  . 

li 

=  ^^XLV  a  n/ (200)  (.67)  (13)  a  41.? 

Then  one  proceeds  to  the  calculation  of  the  procurement  cycle  level. 
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UNIT  PRICE  (IN  DOLLARS) 


2*  Procurement  Cycle  Level  Calcxxlatloa 

To  calculate  the  optimum  procurement  cycle  level,  one  foUovs  the 
procedure  In  Ebchlhlt  16. 

Continuing  with  the  example  from  the  variance  calculation,  one  finds 

that 


For  99^  availability,  this  corresponds  to  b  -  9*32,  as  shown  in  E^diibit  16. 

(a  precise  Z,  b  nomograph  will  be  found  in  Exhibit  24. )  The  procurement  cycle 
level  Q  is  given  by 

Q  3  b  0  3  (^.82)  (41«7)  >■  243  units,  Or  being  taken  from  the 
L  " 

previous  calculation. 

This  value  of  Q,  the  optimum  procurement  cycle  level  for  the  widget, 
amounts  to  l4.6  month's  supply.  The  present  method  of  calculating  Q  wovild 
yield  a  level  of  6  months'  supply,  100  xmlts,  since  the  widget  is  a  medium 
dollar  value  item  (x  u  a  $8000  per  year) . 


*  IlSiose  familiar  with  the  Wilson  formula  for  optimum  procvizmnent  quantities 
will  recognize  that  ^  ^  where  is  the  Wilson  lot  size  and 


is  the  varleuxce  of  demand  in  the  lead  time. 
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3.  Safety  Level  Calculation 


In  order  to  calculate  the  safety  level,  one  must  first  specify  the 
procurement  cycle  level.  But,  it  is  not  necessary  to  use  the  preceding  method. 
Any  procurement  cycle  level  for  any  item  has  a  unique  safety  level  associated 
with  it  which  will  provide  a  specified  level  of  availability. 

Given  the  procurement  cycle  level,  the  desired  availability,  and  the 
standard  deviation  of  demand  (frcsn  the  variance  calculation),  one  follows  the 
procedure  set  forth  in  Exhibit  17  to  find  the  proper  safety  level.  (A  precise 
a,  b,  ncxnograph  can  be  found  in  Exhibit  2^. ) 

The  reorder  point  is  then  the  sum  of  the  procurable  mobilization 
reserve  material  requirements,  the  e:g?ected  demand  in  the  lead  time,  and  the 
safety  level. 


R  =  (PMRMR)  +  XL  +  acj^ 

If  one  wishes  to  use  the  optimum  procurement  cycle  level,  the  quantity 
b  is  already  known  to  be  ^.82  from  the  previous  calculation.  Then,  a  »  1.17 
as  shown  in  Exhibit  17  if  an  availability  of  99^  is  specified.  The  safety 
level  is  given  by  aCj^  =  (1.17) (41.7)  =  49  units,  about  89  days'  supply. 

Under  present  regulations,  the  safety  level  would  be  a  6o  days' 
supply.  With  a  procurement  cycle  of  6  months,  this  safety  level  would  result 
in  an  average  national  availability  of  95^  f“or  the  widget. 

If  one  wanted  to  use  the  present  6  month  procurement  cycle  and  still 
achieve  a  99^^  availability,  the  following  calculation  gives  the  necessary 
safety  level. 


b  =  ^  =  100  units  =2.0 

41.7  units 

From  Exhibit  17,  a  =  1.^8,  so  the  safety  level  is  aa^  =  (l.^)(4l.7)  «  66  units 
or  120  days'  supply. 
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k,  Sumnary  of  Exanple 


Present 
Present  R 


Present  Q, 
Proposed  R 


Proposed  Q 
Proposed  R 


AvaHatility 
Procur«nent  Cycle  (Mos  . ) 

Safety  Level  (Days) 

Average  Working  Inventory^  2 
Average  Annual  Operatidg  Costs'^ 


95i> 

955t 

99i 

93i> 

99i 

6 

6 

6 

15.6 

14.6 

60 

60 

120 
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Average  working  inventory  (l)  is  given  ty  the  equation  I  ■  u 
to  a  very  close  approximation  for  high  levels  of  availahility. 


Average  annual  operating  costs  (O.C.)  are 

the  tezm  1  1  being  average  annual  holding 
procurement  costs  (number  of  procurements 


given  by  the  equation  O.C.  ^ 
costs  and  average 
X  cost  of  procurement)'. 


.11  + 

annual 
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Machine  Procedures 


While  the  M.I.T.  procedures  can  be  implemented  on  a  manual  basis,  it  is 
obviously  desirable  to  make  maximum  use  of  £AM  and  ADP  equipment*  The  following 
modes  of  operation  are  therefore  suggested: 

1.  Low  Dollar  Value  Items 

a.  With  ALPS 


The  complete  supply  control  study  can  be  performed  within  the 
computer.  Computation  of  an  average  annual  demand  rate,  taking  into  consideration 
both  recurring  and  nonrecurring  demands,  can  be  done  in  the  computer  by  analysis  of 
historical  demand.  This  rate,  together  with  the  unit  price  of  the  item,  is 
sufficient  for  the  computer  to  determine  the  variance-to-mean  ratio  and  safety  level 
by  table  look-up  in  an  internally  stored  ncmograph.  The  reorder  point  would  then  be 
internally  computed  and  stored,  other  levels  computed,  assets  applied  and  procurement 
or  excess  determination  made  in  much  the  same  manner  as  under  present  machine 
procedures.  If  implementation  of  the  least-cost  mode  of  operation  is  desired,  the 
computer  can  determine  the  optimal  quantity  to  be  procured  (or  otherwise  obtained 
nationally)  by  applying  standard  procurement  and  holding  cost  estimates.  From  data 
obtained  diorlng  the  course  of  this  study,  a  procurement  cost  of  $100  and  a  holding  cost 
of  1756  appear  most  reasonable  for  low  dollar  value  items. 

The  supply  analyst  should  loview  the  machine  study  to  determine 
whether  any  revision  is  necessary.  For  example,  he  might  have  knowledge  of  special 
conditions  that  would  require  a  change  in  the  demand  forecast  computed  by  the  machine 
or  he  might  want  to  change  the  values  of  the  holding  or  procurement  costs  because 
of  special  characteristics  of  the  item.  If  this  is  the  case,  changes  can  be  made 
by  reference  to  the  nomographs  in  the  manner  described  in  the  section  on  compatatlonal 
methods . 


b.  With  BAM  Equipment 

A  supply  control  study  cannot  be  accomplished  on  a  completely 
mechanical  basis  with  EAM  equipment  because  of  practical  difficulties  in  handling 
tables  of  nomograph  values.  Under  the  procedure  suggested  below,  however,  the 
amount  of  maniial  inteiTrention  required  would  be  relatively  small  and  should  add 
only  a  few  minutes  to  the  manual  work  that  is  required  on  EAM  low  dollar  value 
studies  under  cun*ent  practices. 

It  is  feasible  to  utilize  EAM  equipment  to  compute  the  average 
demand  forecast  from  demand  data  in  the  manner  described  in  paragraph  l.a.,  above. 

The  demand  rate  thus  computed  would  then  be  furnished  to  the  analyst  for  review 
and  i-evision  where  necessary.  At  this  point,  he  would  obtain  the  variance  from 
the  nomograph  (Exhibit  15)  and  calculate  the  safety  level.  The  safety  level  quantity 
would  then  be  punched  on  an  EAM  card  and  the  balance  of  the  supply  control  studies 
perfoimed  on  EAM  equipment  in  much  the  same  way  as  it  is  presently  done. 

If  least-cost  operation  is  desired,  the  analyst  would  also  have 
to  determine  the  optimal  procurement  cycle  quantity  in  the  manner  described  in  the 
section  on  computational  methods.  This  would  be  done  at  the  time  the  safety  level 
is  computed.  The  balance  of  the  study  could  then  be  done  by  EAM  equipment. 


2.  High  and  Medium  Dollar  Valxxe  Items 


a.  With  ADPS 


It  Is  probable  that  only  those  Installations  with  ADP  equipment 
will  be  able  to  mechanize  high  and  medium  dollar  supply  control  studies  to  any 
appreciable  extent.  !Kie  basic  differences  In  approach  that  might  be  suggested 
In  the  case  of  high  and  medium  dollar  value  ADPS  studies  concern  the  demand 
forecast  and,  If  least-cost  operation  Is  desired,  the  estimates  of  proc\irement 
and  holding  costs.  In  high  and  medium  dollar  Items,  It  Is  probably  desirable 
to  have  the  analyst  examine  demand  data  carefully  before  arriving  at  a  demand 
forecant.  Under  the  least-cost  mode  of  operation,  the  analyst  should  also 
carefully  review  the  most  recent  procurement  and  holding  cost  estimates  to 
determine  whether  changes;  shotxld  be  made.  However,  once  the  estimates  of 
procxirement  and  holding  costs  and  the  >.emand  foreceust  are  arrived  at,  the  balance 
of  the  study  should  be  feasible  on  ADP  equipment.  She  completed  stui^  would 
nat\u:ally  be  reviewed  and  revisions  made,  where  nece8sao;y,  by  use  of  the  nomographs. 

b.  With  EAM 


EAM  equipment  can,  of  course,  be  used  to  assemble  and  summarize 
demand  and  asset  Information  for  the  analyst.  From  here  on,  the  procedvire  would 
probably  have  to  be  manual,  as  It  Is  now.  She  additional  steps  required  would 
be  the  determination  of  the  safety  level  by  the  M.I.S.  method  as  described  above, 
and.  If  least-cost  operation  Is  desired,  the  determination  of  the  optimal 
procurement  cycle  quantity. 
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Procedural  Instructions 


As  recommended  at  the  Ordnance  Supply  Operations  Conference  in  January,  1959/ 
it  is  suggested  that  procedural  instructions  for  implementing  the  proposed 
system  he  drafted  hy  the  Ordnance  Field  Systems  Agency  with  the  assistance  of 
supply  analyst  personnel  from  the  National  Inventory  Control  Points.  Assistance 
hy  personnel  of  the  Ordnance  Inventory  Management  Project  and  M.I.T.  would  also 
he  available.  These  procedural  instructions  should  he  written  as  revisions 
and  appendices  to  ORDM  3-2  and  ORDM  3-6.  Instructions,  particularly  in  OREM  3-6, 
should  infjlude  illustrative  material  on  the  application  of  the  model  under  a 
variety  of  circumstances  and  sample  supply  control  studies  done  vinder  hoth  the 
present  and  proposed  systems. 

As  part  of  the  procedural  instructions  package,  there  should  also  he 
developed  new  supply  control  study  forms,  preferably  simpler  than  those  in  use 
today.  EAM  card  alignments  should  also  he  developed  for  input  data  needed  for 
supply  control  study  cominxtations  and  detailed  EAM  procedures  might  also  he 
developed  for  those  Installations  not  having  ADPS  equipment. 


Training 

The  amount  of  training  required  will,  of  course,  vary  with  each  supply 
analyst.  It  is  believed  that  8-10  hours  of  formal  instruction  time  should  suffice 
to  teach  the  fxandamental  principles  of  the  proposed  system.  This  could  he  done 
hy  the  NICP  representatives  who  participate  in  writing  the  procedural  instructions. 
Proficiency  in  use  of  the  system  fmn  that  point  on  should  come  from  continued 
use  of  the  system  in  actual  work  situations. 
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APFEHDIX  I 


BffiTHODS  OF  OBTAINING  COST  AMD  PEHFOBM^CE 
ESTIMATB8  TOR  PRE8EHT  AMD  PaOPOSgP  STSTEgC 


Item  Characteristics 


In  addition  to  national  availability^  there  are  for  each  secondary  item 
6  basic  elements  \diich  must  be  measured  in  order  to  utilize  the  mathematlcd 
foxmulae  for  availability,  optimum  procxirement  cycles  and  associated  operating 
costs  and  inventories*  They  are: 

(1)  Anntial  demand  rate,  X 

(2)  Approximate  unit  price,  u,  in  dollars 

(3)  Lead  time,  L 

(4)  Estimated  variance  to  mean  ratio,  V  (measure  of  short-tem  fluctuation 
in  demand) 

(5)  Vaziable  procurement  costs  C  (adjnlnlstratlve  in  Ordnance  plus 

P 

equivalent  of  manufacturing  setup  cost  and/or  quantity  discotint) 

(6)  Variable  cost  of  stocking,  i,  (variable  with  average  amount  stocked) 
in  it  per  dollar  stocked  per  year. 

In  eddltlon,  of  course,  the  desired  national  availability  is  assumed  to  have 
been  specified, 

The  following  data  on  elements  (1)  >  (6)  above  were  gathered  and  used 
in  the  study. 

1.  Annxaal  Demand  and  Iftilt  Price,  (X  and  u) 

For  the  purpose  of  calculating  the  effect  of  implementing  the  procedures 
on  secondary  items  generally,  or  on  any  selected  group,  it  is  necessary  to 
know  the  percentage  distribution  of  secondary  items  in  each  category  Jointly 
of  annual  demand  rate  and  unit  price.  More  particularly,  since  not  all  items 
are  repetitively  procured  (for  some  items.  Issues  are  largely  met  out  of  excess 
inventories;  others  are  becoming  obsolescent),  the  basic  problem  is  to  identify 
a  reasonable  selection  of  secondary  items  ^Ich  are  in  fact  being  repetitively 
procured. 

Two  main  sources  of  information  were  available  on  demand  rate  and  unit  price 
(l)  the  OSAA-6  list  (2)  activity  reports  from  NICP's  on  stock-fund  items. 

A  Joint  distribution  of  X  and  u  was  run  in  January  1939  on  the  IBM  704  at 
M.I.T.,  from  individual  records  on  each  of  approximately  46,000  secondary  items  on 
the  06AA-6  list.  This  demand  is  of  course  recurring  demand  only.  The  results 
are  shown  in  Exhibit  l6. 
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JOINT  DISTRIBUTION  OF  DEMAND  AND  PRICE 
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This  distribution  was  ccanbined  with  the  reports  in  (2)  above  to  yield 
a  rough  estimate  of  X,  u,  and  the  ntmiber  N  (on  the  basis  of  150,000  stock 
fund  Items)  for  total  demand  recurring  and  nonrecurring.  The  results  are 
shown  in  EsMbit  I9. 
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EXHIBIT  19 

JOINT  DISTRIBOTICN  OF  DOLLAR  DEMAND  AND  UNIT  PRICE 
(150,000  Stock  Fund  Items) 
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2»  Lead  Time 


A  plot  of  procuranent  lead  times  reported  by  the  several  NICP's  on  71 
secondary  items,  selected  at  random.  Is  presented  In  Exhibit  20. 


3.  Variance  to  Mean  Ratio,  (V) 

In  February  1959>  extensive  analysis  vas  made  at  M.I.T*  of  historiceuL  records 
of  individual  dally  depot  demand  transactions  for  53  secondary  items.  Of  these, 
approximately  20  were  OTAC  items  on  which  6  months'  continuous  history  (19^7) 
vas  available.  Ihe  balance  were  Frankford  items,  on  which  3^  months'  contlnvious 
history  was  available.  Ihe  data  was  of  each  demand  individually  as  to  date, 
quantity,  cvistcmier,  transaction  analysis,  etc. 

In  addition  to  much  information  of  incidental  Interest  being  revealed 
(such  as  the  difference  in  affect  upon  demand  fluctuation  between  ordere  from 
overseas  and  those  fran  continental  custcaaers),  the  resulting  measvires  of  V 
showed  that  demand  rate  and  unit  price  play  a  large  role  in  determining  the 
value  of  V  which  may  be  expected  on  an  individual  secondary  item. 

The  observed  values  of  V  were  used  to  establish  the  average  values  given 
in  Exhibit  15  (page  55)* 

It  will  be  noted  that  V  is  there  revealed  as  (1)  decreasing  (towards 
the  value  1  as  a  limit)  as  vmit  price  increases  (at  a  fixed  annual  demand  rate) 
and  (2)  Increasing,  at  a  fixed  unit  price  level,  as  annml  demand  rate  Increases. 
This  variation  esgpresses  not  only  the  property  that  esgpenslve  items  are  ordered 
in  smaller  quantities  and  more  in  relation  to  Immediate  real  usage,  than 
inexpensive  ones,  but  also  simultaneously  esqpresses  the  fact  that  such  discipline 
is  harder  to  exercise  on  fastHnovlng  than  on  slow-moving  items. 
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EXHIBIT  20 

PROCUREMENT  LEAD  TIME  (IN  MONTHS)  VERSUS 
UNIT  PRICE  (IN  DOLLARS) 

(71  SECONDARY  ITEMS) 
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UNIT  PRICE 


k.  Variable  Procvirement  Coats 


The  several  supply  control  points  furnished  estimates  of  manufacturing 
setup  cost  on  a  total  of  approximately  1^0  Items. 

[Qie  regression  line  shovn  In  Exhibit  21  vas  obtained  by  averaging  the 
square  roots  of  $100  +  the  value  of  manvifacturlng  setup  cost  shovn  In  the 
figure.  This  average  vas  then  used  In  the  final  estimates  described  In 
Section  Illf  belov. 

It  Is  to  be  emphasized  that  this  average  Is  not  necessarily  the  value 
to  be  used  on  any  Indlvldxial  secondary  Item  \mder  implementation  of  these 
procedures.  The  departure  of  an  Item  from  this  average  plays  a  critical 
role  In  detezmlning  the  proper  procurement  cycle. 


5.  Variable  Cost  of  Stocking 

For  the  purposes  of  estimates,  a  standard  cost  vas  used  of  17^  annually 
per  dollar  of  average  inventory. 
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Cost,  Inventory,  and  AvaHablllty  Calculation 


In  order  to  assess  the  toteO.  irnphct  of  the  proposed  syntem  on  costs, 
Inventories,  and  perfonoance,  a  sample  of  3^  typical  Items  vas  used.  These 

are  shown  In  Exhibit  22.  The  values  of  L,  C  ,  and  V  were  taken  from  Exhibits 

20,  21,  and  15,  respectively.  ^ 

R)r  each  of  these  34  items  calcvilations  were  made  of  costs.  Inventories, 
availabilities  under  the  various  procedures  for  determining  the  safety 
levels  and  procurement  cycles.  The  appropriate  formulae  are  all  found  in 
Appendix  II.  An  auxiliary  nomograidi  was  used  in  the  case  of  optimum 
procurement  cycles  for  determining  the  e3Q)ected  value  of  inventoiry  divided 
by  the  standard  deviation  of  demand  in  the  lead  time.  Ilhls  is  shown  in 
Exhibit  23. 

The  individual  estimates  of  costs,  inventories,  and  availabilities 
were  multiplied  by  N,  the  number  of  items  in  a  particular  demand  and  price 

category,  wnd  -the  results  summed  in  order  to  ob-baln  total  estimates. 
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EXHIBIT  22 


ITEM  CHARACTISISTICS  FOR  34  ITEM  SAMPIE 
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EXHIBIT  25 

r-NOMOGRAPH  FOR  DETERMINATION  OF  REORDER  LEVEL 


APPEMDIX  II 


MATHEMATICAL  BASIS  OF  PROPOSED  SYSTEM 


The  mathematical  basis  for  the  model  used  to  characterize  the  national 
stock  of  an  individual  secondary  item  consists  of  four  parts; 

1.  The  probabi3J.ty  distribution  of  total  quantity  demanded  in  a  period 
of  time. 

2.  The  probability  distribution  of  national  stock  derived  using  l.^an 
(R,  Q)  replenishment  policy,  and  assimiing  constant  replenishment  time. 

3.  Results  under  the  Gaussian  approximation  to  1. 

4.  The  solution  for  R  given  Q  when  national  availability  is  specified, 
and  for  Q  under  linear  assumptions  about  costs. 

GSiese  topics  are  now  presented  in  the  above  order. 


1.  !Bie  probability  distribution  of  total  quantity  demanded  in  a  period  of  time. 
Two  assvonptlons  are  made; 

(a)  The  placing  of  a  demand  by  a  customer  is  a  randcan  process,  having  a 
stationary  Poisson  distribution.  Thus  if  is  the  total  number  of  demands 
placed  (on  all  depots  and/or  NICP's)  during  a  time  period  of  length  T,  then 

(1)  a(n;  T)  =  Prob  =  nj  =  -  ,  n  *  0,  1,  ... 

It  will  be  noted  that  X  is  the  mean  number  of  demands  placed  per  unit  time, 
and  XT  the  mean  number  in  time  T.  Statlocarity  Involves  assuming  that  the 
value  X  does  not  change  during  the  time  period  T. 

(b)  Each  demand  consists  of  an  order  for  a  quantity  S.  The  value  of  S  is 
chosen  at  random  at  each  demand  from  a  single  probability  distribution  termed  the 
order-size  distribution.  This  distribution  is  assumed  stationary  throughout  the 
period  of  time  T.  We  use  the  symbolism 


C(s)  a  Prob  I^S  <  s 
(2)  *  ®1  ^2  ^  ***  *  (independent  obsei^/ations) 

and  C^(®)  =  Prob  ^  ^  s 

Vfhlle  S  will  often  have  integer- values,  it  need  not  for  the  consequences  we 
shall  draw. 
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If  now  we  let  denote  the  total  quantity  demanded  in  a  period  of  Time 


and  let  P(y;  T)  »  Prob  <  yj,  then  it  follows  that 
F(Oj  T)  -  a(Oj  T) 


(3) 


00 


F(y;  T)  -  a(0;  T)  +  Z  a(n;  T)  Cj^(y) 

n=l 


Y  is  thus  called  a  compound-Poisson  random  variable.  We  will  also  refer  to 
T  - - 

it  as  a  stuttering  Poisson  random  variable. 

Moments.  The  moment-generatlng-functlon  f  (O;  T)  of  Y^  is  easily  verified 
to  have  the  value 

(4)  T)  =  ^  f  e®y  dF(y;  T) 

O 

,  e-XTj^l-c(O) 

.  r°°  &B 

where  c(0)  is  the  moment-generating  function  of  S,  i.e.,  c(©)  =  /  e  dC(s), 

dfn^o 


The  following  consequences  are  easily  verified' 

E(Yqi)  s  the  mean  total  quantity  demanded  in  T  =  XXE(S) 
3  (mean  number  of  demands)  x  (mean  oz^der  size) 


(5) 


'(Yj,)-  E  ([^Y^  -  E(Yt)P  J  m  variance  of  Y^ 


«  XT  E(S^) 

Thus  an  especially  interesting  result  is  that  the  variance  to  mean  ratio, 
V(T£^),  has  the  value 


(6) 


V(Yj  = 


,  Independently  of  T. 


When  S  has  the  geometric  distribution, 
V(Y^)  =  2  E(8)  -  1. 


B(  )  denotes  the  ezqiected  value  of  the  quantity  in  parentheses. 
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its  mean^  let  A  « 

■  1.  We  also  find  that 


e(ay;„3)  , _ g.(si) _ 

^  w 

and  E(AY^^)  =  3  +  —?,(?!!■} . . 

XT  E^(S^) 

Gkiusslan  Approximation  for  large  XT. 
g(©;  T)  of  A  Yj  Is 

g(«,  1)  .  e-  1 


Ihe  moment -generating  fvinctlon 


Further,  to  study  the  dispersion  of  Y^  aroimd 


Taking  logarithms  and  utilizing  the  series  expansion  of  c(®): 

00  r 

log  g(0;  T)  =  XT  E  9  P  J:  E(S“) 

ns2  J  nJ 

Thus  as  XT-«^>  oo,  has  a  normal  approximation  since  all  terms  but  the  first 
go  to  0.  This  asymptotic  form  is  the  one  employed  In  3*  below. 


Demand  from  various  sctirces  and  at  various  locations.  In  practice  one  may 
confront  demand  frcrni  various  customer  groups;  further  demand  occurs  normally  at 
several  geographic  points.  OSie  compoxand  Poisson  distribution  is  especially 
favorable  in  such  cases  because  of  the  fact  that  if  demand  from  each  source  is 
compound  Poisson,  and  the  sources  generate  statistically  independent  demand,  then 
total  quantity  demanded  is  again  compound  Poissca. 


Mathematically  this  is  proved  by  noting  that 
[l  -  ci(e)j  e- ^[l-CsW] 


^  J  (8)tx  o  (#) 
11  2  2 


+  X^ 


*  That  is,  the  sum  of  two  independent  compound  Poisson  random  variables  is  a 

compound  Poisson  variable.  Ohe  customer  arrival  rates  are  seen  to  add  (as  they 
should);  the  net  order  size  is  in  probability  distribution  the  weighted  average 
,  (or  probability  combination)  of  the  two  individual  distributions  of  order  size, 

the  weights  being  proportional  to  the  relative  frequency  of  customer  demands  from 
the  two  sources. 

Since  each  of  several  locations  may  be  thought  of  as  a  soiirce,  the  above 
argument  also  applies  to  demand  summed  over  several  locations. 
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Demand  In  non-overlapping  time  periods* 
then  clearly 


If  T  consists  of  T,  +  T  • 
1  2 


e 


1-c 


Hence  Ym  and  IL  are  statistically  Independent. 

J-l  I2 


2,  Ihe  probability  distribution  of  national  stock  of  a  secondary  Item. 

The  national  stock  of  a  given  secondary  Item  Is  assumed  to  be  managed  as  foUovs: 

(a.  ]  As  demands  are  received  they  are  Immediately  filled  from  stock  on  hand 
anywhere. 

(b. )  VQien  such  stock  Is  Insufficient  to  fill  a  demand,  the  unfilled  portion 
is  back-ordered  and  filled  as  soon  as  a  replenishment  arrives  (from  manufacture 
or  procxirement ) . 

(c. )  When  the  sum  of  stock  on  hand  +  stock  on  order  -  quantity  back-ordered 
passes  downward  across  a  level  R,  the  reorder  level,  replenishment  action  Is 
initiated  to  add  a  quantity  Q  of  the  Item  to  stock.  This  quantity  Q  is  called 
the  replenishment  qxiantity. 

(d. )  The  interval  of  time  L  from  the  initiation  of  a  given  replenishment 
action  until  the  corresponding  quantity  Q  arrives  into  stock  is  called  the 
replenishment  time.  This  time  is  assumed  to  be  a  fixed  constant  qxiantlty. 

We  now  make  the  following  definitions: 

R  4-  Q  =  maximum  stock  on  hand  at  any  time 

3  maximum  stock  on  hand  and  on  order  B.t  euoy  time 

stock  on  hand  (inventory)  at  time  t 

stock  on  order  at  time  t 

quantity  back-ordered  at  time  t 

I  +  0  -  B  =  net  stock  assets  at  time  t 

W  t  « 

«  net  stock  at  time  t. 


(7) 

0t= 

Nt- 
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We  note  that  N.  can  be  positive  or  negative,  but  is  always  equal  either 
to  or  - 

Because  of  the  fact  that  all  stock  on  order  at  time  t  is  received  into 
stock  on  hand  before  time  t  -<■  L,  the  foUovlng  fundamental  equation  holds: 


where  Y  is  the  quantity  demanded  in  the  replenishment  time  L*  We  note  too 
L 

that  A  and  Y  are  statistically  independent, 
t  L 

Moreover,  under  the  ordering  rules,  A  satisfies  the  following  equation: 

V 

(9)  M  -  A.  -  (M  -  A.  -  +  Y J  modulo  Q 

steady  state  solution.  If  the  stochastic  process  of  which  inventory 
consists  is  now  studied  in  the  limit  as  t-^  oo,  some  simple  results  follow. 
Accordingly  let  us  drop  the  subscript  t  attached  to  the  above  variables  I^, 

0^,  B  ,  A  ,  N  ,  and  simple  denote  their  asynqptotic  values  (as  t— >oo)  by  I,  0, 
B,  A  and  N  respectively. 


The  first  resvilt  follows  from  a  well-known  theorem  of  probability,  easily 
proved  here  because  of  the  independence  of  Y^  in  every  time  period  T.  Namely: 

(ip)  M  -A,  and  therefore  A,  has  a  rectangular  distribution  in  the  Interval 
R  to  M.  That  is,  prob  <  A  <  R  +  xj  =  x/q. 

As  a  result,  equation  (8)  can  be  easily  solved  in  the  limit  as  t-^  oo  to  yield 
the  asymptotic  distribution  of  N.  If  we  let  P(x)  be  the  probability  that  N  <  x, 
we  simply  get  that 

(11)  P(x)  -  I  I  F(y;  L)  -  F(y  -  Q;  L)J  dy 

^  M-x^ 

recalling  that  F(y:  L)  denotes  the  probability  that  in  the  replenishment  time  L 
the  total  quantity  demanded  in  the  lead  time  <  x.  (Note  that  if  y  <  0,  F(y;  L)  =  O). 
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national  availability «  Defining  national  availability  as  the  probability 
that  N  >  0^  we  have 

(12)  National  availability  s  1  >  p(o) 

»  1  -  Q  j^F(yj  L)  -  F(y  -  Qj  L)  j  dy 

Average  stock  on  hand*  From  equation  (6),  taking  escpected  values  on 
both  sides.  It  follows  that 


Average  inventory  on  hand  >  £(l) 


(13a) 


E(A)  -  E(yJ  -t-  E(B) 
L 


a  average  assets  -  average  demand  In  L  -t-  average  backorders 
Since  average  assets  equals  R  -i-  q/2,  (I3a)  can  be  written 

(13b)  E(I)  =  R  +  I  -  E(Yj^)  +  E(B) 

Expected  back-orders.  Using  (U),  the  formula  for  E(b)  Is 

E(B)  *  i  ^  (-x)  |^F(M-x;  L)  -  F(M  -  x  -  Q;  L)j  dx 

n  roo  1  1 

»  ~  /  (x-M)[  F(x;  L)  -  F(x  -  Q;  L)J  dx 

M 


3*  Results  when  Y  has  a  normal  distribution 

L 

Let  us  now  consider  the  case  In  which  Y  has  a  normal  distribution. 

Xi 

This  means  that  if  we  define  A  Y^^  =  -  E(Y^))/a(Y^),  then 

prob  [ay  <  X  1  =  r  1  e"  dt. 

L  J  J-co 

We  will  denote  ly  g(x)  tile  qdantlty  e"*  <J2X  ,  and  by  0(*)  the  quantity 

pOO 

J  e(y)  dy* 
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Further,  we  now  define  a  and  b  by  the  relations 


% 


R  =  E(Y  )  +  a  a 
L  L 


(15) 

vhere 


Q  - 


"b  a 

L 


It  Is  then  a  straightforward  matter^  althoiagh  we  omit  the  algebra,  to  obtain 
the  following  results: 

(l6)  National  availability  »  1  -  (a4-b)  G(a-rt))  -  ag(a)  4-  g(a)  -  g(a+b) 


G(a+b)  +  (a+b)  g(a+b)  -ag(a) 


and  of  course  we  can  now  write 
(18)  E(I)  =  ■’l  [a  +  I  +  |42i 


(17) 


E(B)  ^  1 


2b 


(l+a^)G(a)  -  (1+  a+b  ^  ) 


4.  Optimal  solution  for  Q,,  R  for  specified  P(0)  under  linear  costs. 

We  now  suppose  that  two  costs  are  present: 

(l)  a  fixed  cost  C  incurred  every  time  a  replenishment  is  made 


(2)  a  fixed  cost  Cj  per  unit  time  per  unit  of  average  inventory  on  hand. 

We  further  suppose  that  1  -  P(0)  (national  availability)  is  specified,  i.e., 
that  is  must  equal  a  certain  value  o(  ,  and  that  it  is  now  required  to  find  the 
values  of  Q  and  R  or  therefore  jiist  b  and  a  for  which  total  average  cost  per 
unit  time,  denoted  C(a,  b),  is  a  minimum.  Now 

C(a,  b)  a  C  X  (average  inventory)  +  C  x  frequency  of  replenishment 
I  P 


a  Ct  E(I)  +  C  _ tL 

1  P  L  Q 
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Varloxis  procedures  are  possi'ble*  A  staxidard  one  Is  to  aiploy  a  Lagrange 
■ultlpUer  and  noting  that  E(l}  and  P(0)  are  functions  of  a  and  solve 
the  three  eqviations 


(a)  P  =  1  -  0^ 


(b)  C  ^  E(I) 

(c)  C  E(I)  - 


I’a 


ii  $L  ? 
a  o 


E(Y  )C 
L  P 

L  a 


=  M  ^ 


This  reduces  to  solving  simultaneously  the  tvo  equations 

1  -  (a  +  b)  a(a  +  b)  -  a  G(a)  +  g(a)  -  g(a  +  b)  j  /  b 


(21) 


emd 


E(Yl) 

Ct  L  0^ 
^  L 


^  [g(a*.)  -  ao<.  (a.b)[4(a*b)]  - 


G(a)  -  G(a4-b) 
2 


The  b  Eind  a  nomographs,  also  an  Inventory  nomograph  for  E(l)/o  ,  were  obtained 

Xi 

by  solving  these  equations.  It  will  be  noted  that  the  quantity 
E(YJ  C 

I  k — £ —  Is  the  entry  to  a  noeu^graph  for  b.  This  quantity  bears  a  close 


relation  to  the  well-hnown  square  root  value  for  economic  lot-size. 
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